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PREFACE

In accordance with the suggestions of the IIASA
Planning Conference held in June 1973 and with sub-
sequent discussions with IIASA National Member
Organizations, the IIASA Water Project (presently
the Water Group of the Resources and Environment
Area) concentrated during the years 1974-1975 on
specific problems of an universal methodology for
planning, design and operation of water resource
systems.

Taking into account the importance of stream-
flow generation models for the design and operation
of complex water resource systems, a special study
was undertaken on "Intercomparison and improvement
of existing stochastic models of multi-site and
multi-season streamflow generation".

This paper describes the results of in-house
research concerned with the comparison of three
models and with the development of a computer
package for multi-site multi-season streamflow
generation.
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SUMMARY *

The relative performance of some multi-site
multi-season models is compared with respect to
their adequacy for simulating monthly streamflow
sequences. The three models brought under examina-
tion are the extended version of the multi-variate
model proposed by Matalas (1967), the model formu-
lated by Young and Pisano (1968), and the disaggre-
gation model of Valencia and Schaake (1972).
Computer implementation of these models has been
accomplished in the form of the Multi-site Multi-
season Streamflow Generation Package (MMSGP).
Evaluation and comparison of the models has been
carried out in terms of statistical flow parameters
only. Some of these parameters are not explicitly
built into the model structure. At the end, some
general comments concerning applicability of each
model are presented.

*
Since this phase of investigations was completed,

Mejia and Roussele (1976) have proposed modification
of the disaggregation model which will be taken into
account in the further work on the MMSGP.
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1. Introduction

Over the last decade it has been generally recognized
that digital simulation is usually almost the only technique
which can be practically applied for design or analysis of a
complex water resources system. The major reason simulation
is so attractive for such studies is the great generality of
the problem formulation to which it can be applied. Nonlineari-
ties in the system equations can easily be handled. Constraints
on state variables introduce no difficulty, stochastic effects
can be taken into account.

Typically, the data available on the stochastic nature
of hydrologic system inputs consists of a limited set of
observations. Very rarely is there considered to be a suffi-
cient period of record available to span all possible ways
that the river flow might occur. It is known, however, that
there is a large amount of information contained in recorded
flow data that is not effectively used when simulation is
based solely on the historical streamflow sequences. To over-
come this inadequacy, the concept of streamflow synthesis has
been introduced about 15 years ago by the pioneering works of
Thomas and Fiering (1962) in the USA and of Svanidse (1964)
in the USSR. Today, stochastic techniques of streamflow synthesis
or generation are referred to as synthetic or operational hydro-
logy. These techniques enable the planner to subject alternative
water resources system designs to a set of synthetic streamflow
consequences, each of which statistically resembles the historical
one. Simulation of the system operation based on a large number
of equally likely synthetic streamflow sequences, provides the
planner with a means of estimating the expected risks and losses
associated with a particular design of a water resources system.

Autoregressive Markovian generation models have an impor-
tant place in the theory of stochastic modelling of streamflow
sequences, and they also are most commonly used in practical
applications. This refers specially to modelling of seasonally

varying processes Occurring at several locations in the river



basin. Water management is essentially spatial in concept and
generation models which accommodate both temporal (serial) and
spatial (cross) correlation of river flows are needed in most
of the actual planning projects.

This report is concerned with the multivariate streamflow
generation model originally formulated by Matalas (1967) and the
disaggregation model proposed by Valencia and Schaake (1972).

The objective of this research was to compare the performance

of these models with respect to their adequacy for simulating
monthly streamflow sequences. The stationary model of Matalas
was adopted for generation of monthly flows in two versions. The
first of them follows the proposal of Bernier (1971), while the
second one is based on the approach advised by Young and Pisano
{(1968) . Computer implementation of all models has been accomp-
lished in form of a Multi-site Multi-season Streamflow Generation
Package (MMSGP). The MMSGP can be used for sequential generation
of annual and seasonal streamflow sequences (in principle any
subdivision of a year) as well as for disaggregation of annual
synthetic sequences into the seasonal ones. The investigations
were limited to lag-one Markovian model of both mean annual and
mean monthly streamflow events, and they do not cover analysis

of long-run dependencies (e.g, Hurst phenomenon). In accordance
with the results of many investigations (e.g. Yevjevich, 1964)
the second order stationarity of annual streamflow series is
assumed, Describing the models, all flow sequences are assumed
to be standardized with zero mean and standard deviation of one.
The capital letters denote the matrices.

Three sets of historical mean monthly streamflow records
from Canada (26 years, 3 sites), Czechoslovakia (40 years, 4 sites)
and Poland (25 years, 4 sites) were used for testing consecu-
tive versions of the MMSGP. The final version presented in this
report is operationally correct, although a considerable number
of various problems encountered during investigations require
further work. Most of these problems are rather typical for all
studies on synthetic hydrology. It is hoped that their orderly

discussion may throw some light on future research in this area.



2. The Autoregressive Seduential, and the Disaggregation

Streamflow Generation Models

For the generation of annual synthetic filows at n sites,
the multivariate stationary lag-one Markov model (Matalas, 1967)

may be written as:

X = A « X. , + B - ¢ (1)
1 1-1 1
for i = 1,...,2
where Xi and Xiw1 are (n x 1) matrices whose elements are the

annual flows at all sites in years i and i-1 respectively. The
z denotes the desired length of synthetic sequences (number of
years). The £ is an (n x 1) matrix of random components that
are Nrm (0,17) distributed and independent of X9 The (n x n)
A and B matrices specify the time and space interdependence of
flows. They are estimated from the historic sequences in such

a way that the multivariate synthetic sequences generated by
application of squation (1) will resemble the historic sequences
in terms of the mean values, standard deviations, and lag-one
serial, lag-one cross and lag-zero cross correlation coefficients
of the annual flows. The elements of matrices A and B are

estimated through solving the following matrix eguations:
2 =R, * R (2)
(3)

where RO and R] are the lag-zero and lag-one annual correlation
matrices respectively.

Derivation of equations (2) and (3) may be found in the
above quoted work of Matalas (1967) as well as in the well known
monograph of Anderson (1958) on the multivariate statistical

analysis.



The elements of the RO and R, matrices can be estimated

1
o [ro(k,l)]

for k,1 = 1,...,n

as follows:

)
il

p
Yy ox(k,i) -« x(1,i) (4)

o)
Il

p
1 [r1(k,1)J D ox(0i) - x(1i-1) (5)

for k,1 =1,...,n

It can be seen from equation (5) that common assumption of
circular series is not employed in the study. It has been ascer-
tained that in case of small sample size comparatively minor
change in the flow sequence distort the estimation of lag-one

correlation coefficients significantly.

The statistical analysis of the monthly flow sequences in-
volves a consideration of stationarity not generally a problem
in annual flow series. The monthly sequences are composed of
values from 12 different populations, which fact accounts for
their non-stationarity. Since a theory for non-stationary
processes is practically nonexisting, Young and Pisano (1967)
applied to the multivariate case the single site residual method
of Yevjevich (1966) to achieve stationarity in the mean and stan-
dard deviation of the monthly flow series. This was accomplished
by subtracting the appropriate monthly mean from the actual flow
and dividing the result by the appropriate monthly standard
deviation (standardization). Following estimation of RO and R1
matrices from the residual series, equation (1) was used for
generation of synthetic residuals which next were destandardized
into synthetic monthly flows. It is known, however, that removal
of non-stationarity in the mean and standard deviation is not
sufficient to achieve the second-order stationarity. Such an
approach presumes that the seasdnal fluctuation in the lag-one

correlation coefficients can be ignored (0'Connell, 1972).



Another approacn {Bernier.  1971), takes explicitly
into account usually highlv significant veriation of correlation
between the flows of twe successive monthe. Tading intc account
the cyclic character of monthiy flow sequences, the model is then
the set of 12 regression equacicns which may be written in

general form as:

= X . LR ‘
Xl,t At 3,a Py Lyt (6)
where
121 + t = 127 + u + 1 ¢
t,bu=1,...,12
i, = 1,....,2
where Xi n and Xj o are the (n x 1)} matrices whose elements are
’ r
the monthly flows at all sites in mcnths t and u of years i and
j respectively. The €5 . i5 an (n x 1) matrix of random compo-
r
nents that are Nrm (0,1) disvributed and independent of Xﬁ u”
r
The elements of each pair of rhe (n x n) matrices At and Bt are

estimated through sclving simiiar squaticns as (2) and (3) which

take form:

At = R1,t SR (7)
T _ , T
BtBt - Roft R],t }G,t-1 R?,t (8)
where Ro c and RO £-q @r€ lag-zerc monthly correlation wmatrices
’ ’
in months t and t-1 respectively. The R is lag-one monthly

1.t
correlation matrix, whose elements are lag-one serial correlation

coefficients of monthiy flows at each site and lag-one cross
correlation coefficients of monthly flows at different sites.

The synthetic sequences resenble the historic seguences in

terms of mean values, standard deviations, lag-one serial, lag-
zero cross, and lag-one cross correlation coefficients of monthly

flows.



The elements of the Ro,t (or Ro,t—1! and R1,t can be
estimated as follows:

: p

RO = [Ro,t] = [ro(k,l,t):l = 5 l£1 X(klilt) . X(llilt) (9)
for k'l - 1] In 1
t =1,. ;12

1 p

R1 = [R1,t] = [r1(k,l,t{] =E;Ti22 x(k,i,t) « x(1,i,t-1) (10)

for k,1 =1,...,n ;
t=1,...,12 ;

x(1,i,t~-1) x(1,i-1,12) for t = 1 ;

where x(k,i,t), x(1,i,t) and x(1,i,t-1) are the monthly flows at
site k in year i and month t, at site 1 in year i and month t,
and at site 1 in year 1 and month (t-1) respectively.

In 1972, Valencia and Schaake have formulated the model for
disaggregation of the synthetic sequences of annual flows into
synthetic sequences of seasonal flows (quarterly, monthly, etc.).
According to the authors, the disaggregation model has two major
advantages. First one is that it may be applied in conjunction
with any of the presently existing models for sequentially gen-
erating annual events. The non-Markovian models, like FGN
(Mandelbrot and Wallis, 1969) and Broken Line (Mejia, Rodriguez-
Iturbe and Dawdy, 1972) can be applied only to the generation of
sequences associated with stationary processes such as annual
flows. The synthetic annual sequences generated by these models
(taking care of long-run flow dependencies) can be step by step
disaggregated into streamflow sequences corresponding to smaller
time intervals. Because of the computational difficulties with
matrices of higher order, the annual flows are usually first

disaggregated into quarterly values, and next quarterly flows



are disaggregated into monthly flows. Of course other sequence
of disaggregation may be followed as well. Major advantage of
the model is that at each level of disaggregation, the flow
sequences maintain the relevant statistics of the higher level
(e.g. the average of mean monthly flows of a given quarter equals
the mean quarterly flow, the average of mean quarterly flows
equals the mean annual flow, etc.).

The equation for disaggregation of annual flows into quart-

erly flows (Valencia and Schaake , 1972) is
Y; =D+« X, +E - g (11)
for i=1,...,2

where Xi is an (n x 1) matrix whose elements are the already
generated synthetic annual flows at all sites in year i. The Y,
is an (4n x 1) matrix whose elements are the quarterly flows at
all sites in year i. The €5 is an (4n x 1) matrix of random
components that are Nrm (0,1) distributed. The (4n x n) D matrix
and (4n x 4n) E matrix specify the time and space interdependence
of annual and quarterly flows. The elements of these matrices

are estimated through solving the following matrix equations:

D =R > R (12)
24 X
EE' = R - R_ o+ R.| « RY (13)
Y YX X YX
where RX = RO (see equation (4)). The (4n x 4n) Ry matrix specify

all "within-the-year" temporal and space correlation dependencies
of quarterly flows. The (4n x n) %”{ matrix specify correlation
dependencies between annual flows and the corresponding quarterly
flows at all sites. Similar to equations (2),(3),(7), and (8),
equations (12) and (13) are again based on the theory of the

multivariate normal distribution.



The elements of the Ry and Ryx matrices can be estimated

as follows:

R = [ry(n(t—1)+k,n(u—1)+l):|

P
1 . .
R = —_ = = 7 ’ * ’
% %yx(n(t 1)+k,1)] 5 i£1 y(k,i,t) x(1,1i) (15)
for = 1/ Iu' ’
k,].: 1, l'ln ;

where y(k,i,t) and y(l,i,u) are the quarterly flows at site k in
quarter t of year i, and at site 1 in quarter u of year i res-
pectively. The x(1,1) is the standardized annual flow at site 1
in year 1i.

According to Valencia and Schaake (1972) it is said that
thus generated quarterly sequences "will resemble, in terms of
the expected values of the seasonal statistics, the historical
samples". These statistics are the means and variances at the
different stétions (sites), the correlation between seasonal
values at the same station or different stations, and the cor-
relation between the seasonal value at any station and the annual
value at any station." It can be seen, however; from equation
(14) that the disaggregation model does not take into account
the correlation dependencies between quarterly flows in the last
quarter of year i and the first quarter of year i+1.

The equation for disaggregation of quarterly flows into

monthly flows is:

Y. =D + X. + E g, (16)



where Xi s is an (n x 1) matrix whose elements are the quar-
14

terly flows at all sites in quarter s of year i. The Yi s is
’

an (3n x 1) matrix whose elements are the monthly flows at all

sites in quarter s of year i. The € o is an (3n x 1) matrix
14

of random components that are Nrm (0,1) distributed. The

(3n x n) DS matrix and (3n x 3n) ES matrix specify the space

and time interdependence of guarterly flows in quarter s and

the corresponding monthly flows. The elements of these matrices

are estimated through solving the following matrix equations:

D =R . RO (17)
S ¥YX,S X,S

- T
E ET = R - R 'R1°R (18)
s s Y,S YX,S X,S YX,S

where Rx g 1is an (n x n) matrix that specifies all cross correla-
’

tion dependencies of quarterly flows in gquarter s. The (3n x 3n)

Ry 5 matrix specifies all "within-the-quarter" temporal and space

?

correlation dependencies of monthly flows in quarter s. The

(3n x n) Ryx s Matrix specifies correlation dependencies between
’

quarterly flows and the corresponding monthly flows at all sites.

Each of the Rx s matrices is built of the appropriate elements

12

of the quarterly correlation matrix estimated according to equation

(14). The elements of RX 57 R, s and Ryx S martices can be esti-

14 14 ’

mated as follows:

Y]
b
i
o)
>
O]
[ I
Il
| S
a]
X
=
—
2]
||
I

=
-
I
—_—
3
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I

[ry(n(t-1)+k,n(u—1)+l,g] =

R = 1|R
y [ Y:S]

;e (20)
=5 Y oy(k,i,3(s=1)+t) -+ y(1,i,3(s=1)+u)
i=1
for s = 1,...,4 ;
t,bu=1,...,3 :
k,1 =1, .,n
Ryx = [%/x,s] = [ryx(n(t—1)+k,l,s)] =
. P
=~ ) y(k,i,3(s=1)+t) - x(1,i,s) (21)
P =y
for s =1,..., ;
t=1,...,3 ;
k,1 =1, .,n

where y(k,i,3(s-1)+t) and y(1l,i,3(s-1)+u) are the monthly flows
at site k in month 3(s-1)+t of year i and at site 1 in month
3(s-1)+u of year i respectively. The x(1,i,s) is the quarterly
flow at site 1 in guarter s of year i.

Quoting again Valencia and Schaake (1972)--"the monthly
traces thus generated will preserve the following monthly
statistics: means and variances, correlation between any two
monthly values within a season (guarter) and any seasonal value
in this season." It can be seen also from equation (20) that
the disaggregation model does not take into account the cor-
relation dependencies between monthly flows in the last month
of quarter s and the first month of quarter s+1.

The number of disaggregation operations at the quarterly
level is equal to the number of years in the synthetic annual
sequences. At the monthly level, the number of disaggregation

operations is four times higher.
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To summarize, the Multi-site Multi-season Streamflow
Generation Package (computer implementation of the above present-
ed models) have been used in the study reported herein for:

* sequential generation of annual flow sequences
according to equation (1),

* sequential generation of monthly flow sequences
according to equation (1), following "stationarization"
of the process by removal of non-stationarity in the
means and standard deviations,

* gsequential generation of monthly flow sequences
according to equation (6),

* disaggregation of annual flow sequences, generated by
application of equation (1), into quarterly flows {eq. (11))
and next into monthly flows (eq. (16)).

Since one of the aims of the study was to check if the
sequentially generated monthly flow sequences hold the historic
statistics associated with the higher level of aggregation, the
MMSGP is provided with the subroutine aggregating monthly flows
into quarterly and annual values. At each level of aggregation
mean values, standard deviations, skewness, kurtosis and all
lag-zero and lag-one correlation coefficients are estimated
Their comparison could be effected by the statistical tests,
however, the authors have restrained themselves to the quali-
tative analysis only. One of the reasons is that most of the
available tests are developed for the statistics drawn from the
normally distributed samples. The historical samples as well
as the synthetic samples do not satisfy this requirement.
Another reason is that for historic sample sizes usually avail-

able in hydrology such tests have very low power.

3. The investigations and their results

Working on the MMSGP, the authors have encountered a number
of different problems which are discussed in this section of the
report. First of all they pertain to normalization of historic
streamflow sequences, estimation of sample statistics, solution
of the BBT = C or EET = F equations and the choice of adequate
criteria for comparison of seguential and disaggregation models

of monthly streamflow sequences.
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3.1 Normalization of historic streamflow sequences

The hydrological literature contains many references to the
properties of various probability distribution functions in fit-
ting streamflow records. Unfortunately, a typical history of
flows is quite short, between 10 and 50 years, and consequently
the statistical tests available for testing the goodness of fit
of theoretical distributions to large quantities of empirical
data must be applied with great care. The selection of a distri-
bution must involve some intuition and common sense (Fiering and
Jackson, 1971). A similar conclusion was reached by Trykozko (1973)
who analysed the possibilities of determination of a non-parametric
test for selection of a distribution type. On the basis of a very
extensive experimental material, Trykozko underlines that in case
of the small-size samples (N < 50), differentiation of alternative

hypotheses concerning distribution type is always highly problematic.

As far as the distribution of mean monthly flows is con-
cerned, the log-normal and Pearson-type III distributions are
probably most popular. 1In case of the two-parameter log-normal
distribution, transformation y = 1ln(x) changes the sequence {x}
of natural flows into the sequence {y} of the normally distribut-
ed flows. 1If the historical flows are assumed to follow a three-
parameter log-normal distribution, normalization of the process
involves among others estimation of the lower bound of the vari-
able. The method of moments and the method of maximum likelihood
were both tried to obtain the estimates of all distribution
parameters, but it was found that the lower bounds are negative
in most of the analysed cases. Since negative lower bound is not
compatible with the physical properties of streamflow prccesses,
the three-parameter log-normal distribution was not used in the
investigations reported in this paper. For the Pearson Type III
distribution, transformatioi)y = %/; leads to the approximately

normally distributed flows. Another transformation which is

*) 3

Instead of y = \[;, Kaczmarek (1970) has shown that transforma-
0.28
X

tion y = gives better results in the case of that distri-

bution.
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sometimes applied without making reference to any particular
distribution is y = %[;.

In light of the above mentioned difficulties associated
with determination of the distribution of natural flows, it was
decided to incorporate in the MMSGP four normalization options
(no transformation, natural logarithm, square root, cube root)
and to. develop some criteria for the selection of transformation
that brings natural flows closest to the normal distribution.
All considerations in this section are based on the generally
acknowledged hypothesis that normalization of the marginal distri-
butions leads to the approximately normal multivariate variable.

However, development of an adequate and easy for computer
implementation criteria of normality proved to be difficult.
One of the contemplated tests was to be based on comparison of
the values of skewness and kurtosis estimated for the sequences
"normalized" by application of different transformations. This
is illustrated by some of the results presented in Figures 1 and
2. Very similar results were obtained for other flow data. It
has been noticed that all transformations reduce the skewness and
kurtosis close to the required values of zero and three respec-
tively, but it is very difficult to indicate which transformation
is the best one.*)

Finally all the above listed transformation options were
incorporated in the MMSGP, but selection of the appropriate one
was left to the decision of the program user. All further in-
vestigations reported in this paper have been limited to the
sequences "normalized" by the logarithmic transformation. The
assumption that the natural mean monthly flows follow the log-
normal distribution is generally believed to be acceptable, and
it could not be proved that some other distribution will better
fit the flow data used for the investigations reported in this
paper. An important advantage of the logarithmic transformation
is also that the synthetic flows in the generated sequences cannot

be negative.

*)

Some of these difficulties are due to the fact that different
normalization options are most effective for different months
of the same set of historical record.
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3.2 Estimation of the sample statistics

Assuming the monthly flows to be log-normally distributed,
the means, standard deviations and correlation coefficients
which are used for determination of the A and B (or D and E)
matrices can be estimated either directly from the logarithms
of historical events or by application of the well known equa-
tions (Aitchison and Brown, 1957) relating the statistics of
the normal and log-normal distributions. To preserve the histori-
cal statistics of flows rather than that of their logarithms, Matalas
(1967) recommends application of the second of these two possibi-
lities. Consequently, an attempt was made to employ in the MMSGP

equations which relate parameters of the normal and log-normal

distributions. It has been found, however, that in a good number
of cases this approach leads to the difficulties in the solution
of the BBT = C (or EET = F) equations. The matrix BBT (or EET)

should be positive definite what is a necessary requirement in
order for B (or E) to be real. Unfortunately, this condition
could not be always satisfied. The reason is, that the
relations between population statistics of the log-normal and
normal distribution, do not necessarily hold for the sample
statistics. This might be especially true in case of the sample
sizes usually available in hydrology.

Under these circumstances, it was decided to compute the
A and B (or D and E) matrices on the basis of statistics esti-
mated from the historical sequences following their "normaliza-
tion". 1In addition to the reasons presented above, it should
be noted that equations relating parameters of the normal and
other than log-normal distributions are not readily available.
However, the most important reason is that the procedure finally
adopted for computation of the A and B (or D and E) matrices
always leads to a positive definite estimate for BBT (or EET),
as proved by Valencia and Schaake (1972).

Another and probably even more fundamental question pertains
to the reliability of statistics estimated from the usually
short historic streamflow sequences. Here comes the question
of standard errors and biases associated with the sample statis-

tics, the population values of which are unknown. It has been
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ascertained many times in this study, that the estimated para-
meters are highly variable even for a minor change of the sample
size. More detailed discussion of this problem falls outside
the scope of the present paper, however, further advancement of
stochastic hydrology requires a considerable research effort in
this area. One of the possible approaches might be the Bayesian
inference providing finite sample probability distribution func-

tion for the unknown parameters.

3.3 solution of the BBT = Cor EE! = F equations

As it is known there is no unique solution of equation
BBT = C (or EEL = F) and the usual procedure to determine matrix
B (or E) is by application of the principal component technique
or by introduction of an assumption that B (or E) is a lower
triangular matrix. In the MMSGP first of these techniqgues
is applied, since it seems to be the more general one. It should
be noted, however, that comparative computations have not revealed

superiority of any one of these techniques.

3.4 Comparison of the sequential, and the disaggregation models

Development of general criteria for evaluation and comparison
of generation models seems to be one of the critical and still
unresolved issues in synthetic hydrology. In fact one may wonder
if development of universally acceptable criteria is a feasible
task at all. Taking into consideration the operational sense of
synthetic hydrology, this should be probably rather a set of rules
to be followed depending on the type of the water resources
problem to be solved by simulation over the synthetic streamflow
sequences.

At present two approaches to this problem are most common.
First of them is based on the comparative analysis of some sta-
tistical parameters of the historical and synthetic flows. One
may look at the model performance in terms of parameters that
the model was or was not explicitly constructed to preserve.

Comparison of the Markovian models reported herein has
been carried out in terms of some statistical parameters of

the historic and synthetic flow sequences. The authors realize
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that such analysis cannot be fully conclusive, but it was intend-
ed to give at least an account what certainly cannot be expected
from particular models. The statistical parameters subject to
comparison were averaged over the set of generated synthetic

sequences.

All types of generating models discussed in section 2 of this
report were programmed as a Multi-site Multi-season Streamflow
Generation Package (MMSGP) and applied to the available monthly
flow series. First the historical monthly flows were aggregated
into annual flows and equation (1) was used to generate a set of
100 years long, synthetic sequences of annual events. The results
of statistical examination of these sequences generated on the
basis of the Polish and Czechoslovak flow data are shown in Figs.

3 and 4, It can be seen that there is a good agreement between

the corresponding statistics of historical and synthetic sequences.
Now one of the major guestions to be answered by our investigations
was if the sequentially generated monthly flows maintain the re-
levant annual statistics of the historical record. The synthetic
monthly flows were generated by application of equation (6). Fol-
lowing aggregation into annual events they were brought under exam-
ination and the results are shown together with the other annual
statistics in Figs. 3 and 4. Although there is a good reproduction
of historical means, standard deviations and lag-zero Cross cor-
relation coefficients, the sequentially generated monthly flows

do not maintain the lag-one serial and lag-one cross sorrelation

coefficients at the annual level.

In the next step, the annual events already generated
by application of equation (1) were disaggregated first
into quarterly (equation 11) and next into monthly (equation 16)
flows. It was intended to examine if the monthly flows derived
by disaggregation preserve the relevant monthly statistics of
the historical record. The results of the analysis are displayed
in Figs. 5,6,7, and 8 just for two months of November and December
(the first and the second month of the hydrological year), for two
sets of Polish and Czechoslovak flow records. It can be seen that

there is a satisfactory resemblance of all December statistics,
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however, the November flows derived by disaggregation do not
maintain the historical lag-one correlation dependencies. Al-
though it is not shown here, results of the computations have in-
dicated that February, May and August flows exhibit the

similar lack of resemblance with the historical record. Referring
to section 2 of this report, it should be underlined again that

the disaggregation model does not take into account the correlation
dependencies between quarterly flows in the last quarter of one
year and the first quarter of the following year. At the second
level of disaggregation the correlation dependencies between month-
ly flows in the last month of each quarter and the first month of
the following quarter are also not taken into account. This is
fully confirmed by the results of our computations, part of which
is shown graphically in Figs. 5,6,7, and 8. The results of statis-
tical examination of the historical and sequentially generated
(equation (6)) monthly sequences are shown in the same figures.
Although there are some discrepancies due to the fact that the
synthetic statistics were averaged over the relatively modest set
of synthetic sequences, there is evident resemblance of statistics
estimated on the basis of historical and sequentially generated
sequences. An example of additional comparison of historical and
sequentially generated (equation (6)) monthly sequences is

shown in Fig. 9. The curves show the per cent of time that the
mean monthly flow at a given site is smaller than given amounts
regardless of continuity in time. Good correspondence of such
curves developed both for historical and synthetic samples was
ascertained for all sites and all historical data sets.

Since the preceding analysis was concerned only with flow
frequency, regardless of flow continuity in time, another attempt
was made to compare the number and the duration (length) of flow
series whose elements are (1) less or equal or (2) higher or
equal than some preselected levels. The reduced flow levels (see
note in Fig. 9) were chosen to be 0.2, 0.5, 1.0, 1.5, 2.0, and
3.0; each of these numbers is followed by the sign "+" or "-" as
to indicate flows > or < than the given level. The duration
(length) of the flow series was analyzed for a maximum of 15

consecutive time periods (months). In Figs. 10 and 11 some



-18-

results of this analysis are presented. The cumulative frequency
curves of reduced flow series refer to four sites (one historical
and five synthetic flow sequences for each) and to the flow levels
of 0.5- (Fig. 10) and 1.0+ (Fig. 11). Similar agreement between
such curves was ascertained for all other flow levels of the

historical and synthetic flow sequences subject to analysis.

The results of monthly flow generation by application of
equation (1) to the "stationarized" historical record (Young and
Pisano, 1967) are not shown in this report. It was ascertained,
however, that there is a lack of resemblance between the
correlational structure of historical and synthetic flows, both
at the monthly and annual levels. In the MMSGP computer coding
of this model is free of errors as noted by 0'Connell (1973) as well
as by Finzi, Todini and Wallis (1974).

None of the models discussed in this report takes explicit-
ly into account the coefficient of skewness or higher order moments
of the distribution. However, the MMSGP output gives also the
values of the coefficient of skewness and kurtosis, both for the
historical and synthetic sequences. No comparison of these stat-
istics was attempted since they exhibit considerable variability
from one synthetic sequence to the other generated by the same

model.

4. Conclusions

The main conclusions drawn from the investigations are as
follows:

(1) Multi-site sequential generation of monthly flows which
assumes that the process is lag-one Markovian, nonstationary
and cyclic (equation (6)), yields reasonable results with
good resemblance of historical record in terms of the means,
standard deviations as well as the cross and serial correlational
structure at the monthly level. The synthetic monthly sequences
are consistent with the historical pattern of annual flows in
terms of their means, standard deviations and lag-zero cross
correlation coefficients. It should be underlined that these
statistics are not explicitly built into the model structure.
The lag-one correlational structure of the historical annual flows
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is not preserved. It seems, however, that if the synthetic
sequences are to be used for simulation of the water resources
systems providing seasonal (within-the-year) storage only, this
lack of resemblance should not be of much importance in evaluat-
ing alternate designs.

(2) Multi-site sequential generation of monthly flows which
assumes that the process is lag-one Markovian and approximately
stationary after removal of non-stationarity in the means and
standard deviations, seems to be the least satisfactory technique.
This model may be applied only if the correlational structure of
historical flows do not exhibit month-to-month variability but
such situations are quite unusual.

(3) Generation of synthetic monthly flows by disaggregation
of the previously generated annual flows, as proposed by Valencia
and Schaake (1972), raises some doubts. If a particular
time step is adopted for simulation, the highest priority resem-
blance with historical record should apply to the statistics
referring specifically to this time step. Unfortunately, at each
level of disaggregation 25% of lag-one serial and lag—-one cross
correlation coefficients are not preserved.

(4) There are many difficulties associated with development
of the multi-site multi-season streamflow generation models and
considerable research effort is needed in this area. Most of
these difficulties may be attributed to the shortness of hydro-
logical records and instability of small samples. As noted by
many, existing streamflow records are not sufficiently extensive
to provide reliable estimates of many statistics "important" for
a proper design of water resources systems. One of the possible
ways out of this dilemma seems to be expansion of investigations
concerning the mechanism underlying the physical generation of
river flows. But at the same time more investigations attempting
to assess which parameters really are "important" for a proper
design of a water resources system--how sensitive is the design

to changes in these parameters--seems to be necessary.
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APPENDIX: COMPUTER IMPLEMENTATION

1. Introduction

The Multi-site Multi-season Streamflow Generation Package
(MMSGP) is composed of the main segment, thirteen main subroutines
and several auxiliary subroutines and functions. In addition,
subroutines of the IBM Scientific Subroutine Package (MINV,EIGEN)
are used. The generation of uniform distributed random numbers
is accomplished by application of function RANDV - an assembly
language function, that is available at PDP-11 computers, and is
similar to the IBM RANDU function. The program is written in
simplified FORTRAN, available under the UNIX system for PDP-11/45
computers. A listing of the main segment and all subroutines and
functions (excluding IBM SSP subroutines) is provided at the end
of the report.

MMSGP is designed as a collection of main subroutines, each
intended for a small and independent task, rather than a program
in the traditional sense, with fixed order of tasks. 1In other
words, the program is 'parameter-driven' is such a way that the
sequence of tasks for each execution of the program is determined
by the sequence of input parameters or more precisely, groups of
parameters, a group for each of the main subroutines. All the
main subroutines are called from one main steering segment, which
sequentially reads the groups of parameters in and selects the
appropriate main subroutines. Such a structure enables a rather
simple realization of various computational variants of flow
generation without any modification of the package.

It is essential to mention that all data (historical and
synthetic) are stored in the external (disk) files. The linkage
of the main subroutines with appropriate data files is accomplish-
ed by the inclusion of the appropriate file names in the group of
subroutine parameters. All file names are selected by the pro-
gram user. The only values, which remain in the core memory are
the generation or disaggregation parameters. Thus, the necessary
core memory is kept as small as possible and does not depend on
the length of historical and generated samples. However, it de-

pends very much on the number of sites at which synthetic flows
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are generated and on the number of time seasons into which the
year is divided. The present version of the package enables
the generation of synthetic flows in up to five sites using not

more than twelve time seasons (months).

2. File Structures

There are four different file structures:
1) basic historical data files,
2) lumped data files,
3) statistics files, and
4) matrices files.

Basic historical data files contain historical data records

ordered according to the years sequence and arranged on a "one-
file-one-site" principle. Each record contains two standard
single fields which identify the year and the type of historical
data (annual, quarterly or monthly flows). Moreover, it contains
one single or multiple field representing the historical data.

This is illustrated by the following table:

Indicator of The Number of Length of
data type meaning data record

1 _ annual 1 3

2 quarterly y 6

3 monthly 12 14

Each of the basic data files may contain records with different
data types, even for the same year. It is required, however,
that the recocrds are ordered according to the year sequence, and
within each year they follow the order of data type indicators
(from 1 to 3).

The creation and up-dating of basic historical data files
are not covered by this description of the MMSGP.

Lumped data files contain the required data records for the

selected sites. BEach record forms a vector of values for the

same year and the same period but for different sites. Records
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are ordered on the time basis. The first record in the lumped

data file is a description record, which contains the following

fields:

1) file type (lumped data, statistics, matrices),

2) data type (historical, generated, disaggregated),

3) number of sites (ns),

4) number of seasons in a year (nt),

5) number of years (ny),
6) first historical year,

7) last historical year,

8) aggregation-disaggregation coefficient (nd), and

9) basic data file names (np to 5).

Statistics files contain seven records with the following

characteristics:
1) description record,

2) mean values (ns * nt values),

3) standard deviation values (ns * nt values),

4) skewness coefficients (ns * nt values),

5) kurtosis coefficients (ns * nt values),

6) lag 0 correlation matrix
(ns * ns * nt values), and
7) lag 1 correlation matrix

(ns * ns * nt values).

Matrices files contain five records only, which are as

follows:
1) description record,
2) mean values,
3) standard deviation values,
4) A/D - matrix, and
5) B/E - matrix.

3. General description of Input Parameters

The input parameters are divided into two types of the so-

called main and secondary parameters. Main parameter records are

distinguished by four leading asterisks in four leading character

positions of the record. Secondary parameter records contain

four space characters in these positions.

All numerical parameters
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are integer numbers and should be right-justified in four-character
fields. All text parameters should be left-justified and finished
with space character. Each input parameter record contains one
data only (number or text), which may be followed by a comment.
Comments are not analysed by the program and may contain any
character in any position. The input parameter records are com-
posed into groups. The first record in each group has to be the
main parameter record. The structure of groups is fixed and for
each group depends on the main parameter record. The main para-
meter records may only contain 3-letter main subroutine name,

optionally followed by 2~character trace indicator.

4. Main Segment
The main segment coordinates a set of sequentially called

main subroutines and fixes the model of file operation tracing.

The segment forms an interpretation loop, which in each cycle
reads in the main parameter (being the name of the main subroutine)
and a group of secondary parameters, depending of the main para-

meter. The cycle is finished by the calling sequence for indicated

main subroutine. Thus the resulting sequence of main subroutines
is determined by the set of input parameters for each program
execution. "END" value of the main parameter is distinguished for

termination of the program execution.

5. Main Subroutines

5.1 Subroutine SEL

The subroutine selects historical data records from indicated
basic data fines and forms one lumped historical data file.

The parameter group is as follows:

T Lo Lo Lol e T o Lol Lo Tt e Lo e r e L qre var o a2 Toe Tas Loo T e [t 3wl Loz [ 34 [os [ [ e oo [ [r[r)]
*‘ik’xASELl S SR S S T U N SN U S S S U S SO S Y W S 4 o

.  NAME = OUTPUT-FILE-NAME . ., . (. .
o FY L FIRST NYEAR e
T LASTY YEAR e

S

L. DT DATA TDENT. ( ,2 ok |
o N . NUMBER, oF JSAIIE_;LUP Ta 5) .

NAMEA FILRST BASIC-FLLE-NAME . .. |
. . NAMAE?2 . SECoND L. T R S
e FE SR N S IR e e

e 1 JN‘kME;N‘ 1 ‘LAA_S_AT | \__‘__;77~~L__,‘_”£‘_‘_4.___‘—-L—;——L‘ A e e
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5.2 Subroutine TRF

Subroutine TRF performs normalization and denormalization
of data. This is done by transformation of one lumped file into
another one.

The parameter group should be the following:

¥Rk TRE 0 i
| .., RT, . REQUIREDR TRANSFORMATION .. . . ...
L. NAMEA,  INPUT-FILE-NAME . . . .. 00000,
. NAAED  oVTPUT-FILE-NAME & . .. . 0 0

where possible transfaormations include:

value of RT transformation
0 no transformation
1 natural logarithm
-1 exponent
2 square root
-2 square
3 cube root
-3 ' cube

The input file for subroutine TRF has to be a lumped data file.

5.3 Subroutine MAM

Subroutine MAM computes the A and B matrices for streamflow
generation (subroutine MAG), according to equations 2,3,4,5,7,8,
9, and 10.

The parameter group contains two records:

R N (N N WD VAT W S U WU SR AN O A SO N W WO TR G SV T U U Gy Gy G Gy SR G S R G'Y R

*I*L*\*IMAMLLJL;LJLJ111;4.111\lllllllklx
Lg lNJMEl L 1LN£P1')IT‘LFLLE—1MA']“ELLLLJ L

Computed matrices remain in core memory.



5.4 Subroutine MYM

Subroutine MYM is similar to subroutine MAM, the computed
A and B matrices, however, folilow Young and Pisano (1967) standard-
ization method.

The parameter group is similar as well:

Y N NN WU USR0S AU A U ENNNNY SN N SN SArUD WS (SN SHNY GG W SN EUUD S SR S BN R Y J IR S L .
*J* 1*1*[MIL R S { J [ A Y WS S W S T ' S U VO T S T G TR0y SO Sy S PR
1.4 L JNIATMIQ i1 1LN1:P|UTT' LFJJ;L'IEA-'INlA'JMIEl SR RO W SN R S e

5.5 Subroutine MAG

Subroutine MAG uses the computed A and B matrices for gen-
eration of synthetic flows (equations 1 and 6), which are being
written into an output lumped file.

The parameter group contains two numerical secondary para-
meters, the first of which determines the number of initial idle
random number generator cycles, and the second, the number of years
of synthetic data; the name of an output file is the third secondary

parameter:

[T Y W R N U AN U WU S N UURD A RN G SN T UM OO U A WA SULD VA N N N (SO JH WS H W S S ER B Lo
***Iikwi]lliil\lllnlllll}#ijllijA.lllLlLLJ;_J
| iG .. NUMBER OF INLTIA| GENERATIONS
ety Lliil . NUMBDER OF G’ENERA’T@I YEARS
UT? Tl IR IL-l 7 — | S S PER WU S T
'_x—lrJ 1 ‘j\%E | n{cl?lujvr[u]gin]u[i;:[{hl %z:[}}ﬁ)ﬁ%hnln[n[nh: 3 ul)sTMINI)nWTanTu

5.6 Subroutine DLIM

This subroutine computes the D and E matrices for disaggre-
gation (subroutine DIS), according to equations 12,13,14,15,17,
18,19,20, ana 2z1.

The parameter group is as follows:

T T T e L7 Lo Lw vl tla o 15 w]vr]oa] ]z 20 |22 23026 Jas 28| e L] 58] 3 [32 |02 |34 ss [oa [57 [0 ] se a0 [uiaz
*H*‘PXJ;AJ_HHHJL“HHHLLH”..J e
o NAMEA,  HISTORICAL *X* -FLLE-NAME =

NAMEZ, HISTORICAL, "Y"-FILE-NAME A | )

Computed matrices remain in core memory.
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5.7 Subroutine DIS

Using the D and E matrices, stored in core memory, sub-
routine DIS performs disaggregation of synthetic input data flows,
according to equations 11 and 16.

The parameter group contains two file names only:

PN S G S SR E S O S S S S S S N S S S S ST R L L1y
*4*1*1*13;151 O TV S Y T S S S G U S G GO S T A S S SO S S S S S
L NAME 1, _ !LNlPlUJTl -FILE 1N&ME| T S S S S S S S S R 1
T lNLAMLELQA _ovT, PJU T I'ZFJ-‘-L]EF' IN¢A-1M1EL [ S S S . . |

5.8 Subroutine RWC

Subroutine RWC enables storing into a file or restoring
from a file computed statistics or generation and disaggregation
matrices.

The parameter group takes the form:

[ S S N S S S S A S S O U G S 0 ST S RO S R RO P Y S
*1%*1*1RWJClJ\ILI T A T T S Y U U T W OO IO S T S GO S M S |
L1 lOPl . L?IEIRL.A';'-II!-QN!:L oP =41, J&EAL-B’IA oP=2 WRITE ,
11 NAMKE | 1FjIrL«ET"1NAMET PSS T T S S W A A

5.9 Subroutine AGG

This subroutine computes mean values of indicated number of
consecutive records of input lumped file, decreasing the number
of seasons in the created output file. Such a process is called
an aggregation of data. The aggregation coefficient has to be a
divisor of actual (input) number of seasons.

The parameter group is as follows:

KARAGE e
o MG AGGREGATION COEFFEICGIENT | .,
_ . NAMEA | INPUT-FILE-NAME L e
L NAKED  QUTPUT-FLLE-NAME , ., . .. RPN
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5.10 Subroutine EST

Subroutine EST estimates the following statistics for the
data recorded in the lumped input data file:

- mean values,

- standard deviation values,

- skewness coefficients,

- kurtosis coefficients,

- lag 0 correlation coefficients, and

- lag 1 correlation coefficients.
Computed statistics remain in core memory.

The parameter contains input file name only:

U U N U N ANV AN VN (N GRUUY HANNUS (VRS SN SANS SRS WY S SN SAD UUNF S EN S S S S SO HSNY G U S S S A § I —

*]*J*I*AESL-[_JIILIILJlLAlJLLLJL‘LJ&JAIA PO U T I S S|
Lo NAMKE | INPOT-FILE-NAME , .. .. .. . . N

5.11 Subroutine OUT

Subroutine OUT prints two sets of computed statistics (sub-
routine EST) assuming that one set remains in core memory and the
other one is stored in a file. Such an output form should make
easier the comparison of appropriate values (for_instance, the
comparison of historical and synthetic statistics).

The parameter group contains one file name only:

‘LAII.\'LALJ‘LIILLLJ]IAjl‘LIAJllLlllL‘tJ Y N Y B

*l*X*I*IOJULTIKILLJLIIAAlAl]lLAlell;\Llllnl S R S SR B B
|  NAME ,  STATISTLCS-FILE-NAME. . .. .,

5.12 Subroutine FDA

This subroutine performs flow duration analysis and prints
results in numerical and graphical forms. The analysis is being
accomplished at one of six prefixed levels according to input

parameter and can be used for up to 10 files simultaneously:

level-code: value of reduced flow:

S N FEowWw N -
w N = o O O
O O v O U N
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The parameter group is as follows:

Lk FDA o
. L. LEVEL-CODE: -6£L£6, Lo _-g
... N ~NUMBER OF FI|ES . .. ... . o
.. NAMEA. FILE-NAME-A . . . . . . . .
... NAME2, FILE-NAME-2 . . . ... ... . . .

5.13 Subroutine FFA

Subroutine FFA performs flow frequency analysis and prints
results in two forms: numerical and graphical. The analysis can
be used for up to 10 files at the same time.

The parameter group takes the form:

IJlllllAILIIllllilL\l;lllllllllxlllll [N
F_]*L*1¥1EEA R N S T S S HN Y S U WO BV S S SR S R
1N1 | \NlULMEﬂ QF-I 1'F111L15s91 P N S Y B N VD S N S G |
Ll lNAIMEJI‘; i ‘.F‘.LLﬂEl_lNATMnEﬂi [ SR U W U0 D T N N SO AR H U
L1 1NJA'ME1£-)LA F:ILLJEK-'ANAFME_—‘Z L [ R U S R S R R Gl
L AL S SR T S S S T U N W S S U R B S " a1
6. Examples
6.1 Example 1: Generation

This example shows the sequence of parameters for the gen-
eration of monthly synthetic flows for the set of three sites.

It is assumed that files SITE 1, SITE 2, and SITE 3 contain his-
torical monthly data at least for the time period from 1931 until
1970.

After the selection of appropriate data and creation of the
historical lumped data file SITE (subroutine SEL), historical
statistics are estimated (subroutine EST) and stored in file
STSITE (subroutine RWC). Subroutine TRF performs logarithmic
transformation of historical data, creating the file SITELN,
which is used for the computation of generation matrices (sub-

routine MAM). Subroutine MAG generates 100 years of synthetic
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monthly flows, stored in the file GENLN. Generated data are
transformed (subroutine TRF) back to assumed lognormal distribu-
tion. Estimated statistics for synthetic data (subroutine EST)

are printed together with historical statistics stored in the
file STSITE.

whknSE(
SITE
1934
1970
3
3
SITEY
SITE?
SITEZ3
*xxwkEST
SITE
"kwwRWC
2
STSITE
*xaxTRF
i
SITE
SITELw
AXRAMAM
SITELN
*xxwMAD
|
102
GENLN
xkwxTRF
-1
GENLN
GEN
ke xxfEST
GEN
wwwx((|T
STSITE
*axnEND
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6.2 Example 2: Disaggregation
The files SITE, SITELN, and STSITE created in the previous

example are used in the following sequence to show the disaggrega-
tion process.

The first four groups perform aggregation of historical
monthly flows into historical quarterly and annual flows (files
SITEQ and SITEA, respectively) and logarithmic transformation
(files SITEQLN and SITEALN). Groups MAM and MAG accomplish the
generation of synthetic annual flows (file GENALN). Two consecu-
tive subsequences of subroutines DIM and DIS perform disaggrega-
tion of generated annual flows into synthetic quarterly flows
(file GENQLN) and then quarterly flows into synthetic monthly
ones (file GENLN). The final subsequence of subroutines TRF,

EST, and OUT puts together statistics for historical and synthetic
monthly data.

The application of log-transformation in the disaggregation
process results in positive synthetic flows and follows the
assumption of lognormal distribution of historical data in the
Example 1. Such an assumption should be verified in some way,

which is, however, beyond the scope of this section.
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wxunAGG
3
SITE
SITEQ
*RkAkAGD
4
SITEQ
SITEA
knwnTRF
{
SITED
SITEQLN
wwxx*TRF
1
SITEA
SITEALN
wkxkMAM
SITEALN
NrkxkMAG
@
100
GENALN
ek wDIM
SITEALN
SITEQLN
LR RS BE.
GENALN
GENQLN
*kwxDIM
SITEQLN
SITFLN
 TEEIDE]
GENQLN
GENLN
wankTRF
-]
GENLN
GEN
w"ekkEST
GEN
wkwxQUT
STSITE
wxaewEND
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oOoOo0OcoOO00O0O0OO0O0OO0O0O0OO0O0OO0DDO00O0C DT 0OO0O0O0O0O0D00o0O0O0OnnoOO0O 0

WRA KRR M MS G P (vil) S LEE.

INPUT PARAMETERS:
*)AGGS
AGGREGATION=FACTOR(14)
INPUT=FILENAME (DA4)
OUTFUT=FILENAME (544)
#)DIMI
HIST-INPLIKE=FILENAME(S5A4)
HIST=0UTLIKE=FILENAME (SAY)
*)DIS:
INPUT=FILENAME(SA4)
ODUTPUT=FILENAME (5A4)
*)EST:
INPUT=FILENAME (SA4)
n)FDa:
LEVEL «-COQE(T4)
NUMBER=QF«FILES(T4)
FILE=«NAME=1 (S5A4)
60 eassssses oo o
x)FFAS
NUMBER«OF«FILES(I4)
FILE=NAME=] (5A4)
00000000t RROORPYS
w)MAG:
NUMHER«OF=INITIAL=GENERATIONS(I4)
NUMRERwOF = GENFERATED=YEARS (I4)
OQUTPUT=FILENAME (S5A4)
*xIMAM;
INPUT=FILENAME (SA4)
S k)MYM;
INPUT=FILENAME (SA4)
*)OUTS
STATISTICS=FILENAME (SAY)
w)Rw(
OPERATIONSCODE (1=rREAD,2=wRITE) (T14)
InPLT/OUTPUT=FILENAME (SAd)
*®)SEL S
DOITPLTaFILENAME (SA4)
YEARFROM(14)
YEAR=TQO(I4)
NUMBRER=DF=PERIODS=CONE(14)
NIIMHER=IF=SITES(14)
BASIC=FILENAME=] (SA4)
*)TRF
THANSF-MQADE (T14)
INPUTFILENAME (544)
NIITPUT=FILENAME (S44)

DIMENSTON A (2S50Q)

DIMENSION 1)(3),2(¢14),11(B),F1(1™),Fe(3)
CDMb‘![If\:/PARAME/Ill16513,14,15,16,171 18,T(25)
COMMON/WORKZ/NF ,Fri(5,10)

EGUIVALENCE (F1(&),F2C1)), cU(S),IU),(TI1(1),11)
DATA S/4H /y6/Unennn/ By ,EQ/UH= y4H+ /
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DATA Z2(¢1),2(2),2(3),2(4)/4nREND ,UHTRF ,d4HEST ,dHMAM /
DATA Z(8),2(6),2(7),2(B)/74HMALG ,4HDIM ,4HDIS ,4nRWC /
DATA 2(9),2(12),2(11),2(12)/74HAGG ,4mOUT ,4HMYM ,UHSEL /
DATA 2(13),2(34)/74HFFA ,unFDA /
I1=d
CALL FILEOP(Q,U(i),1,?)
200 CALL READ(3,U(1),1.,6)
NEQ
IF(1(2) JET,E1) NE=]
IFEU(R) ,ENE2) Ns+]
CalLl FILEGP(2,U(1),1,N)
MKe]U
DO 212 Nt ,14
IF(UC1)LEQ,Z(N)Y) GO TO ega
21® CONTINUE
CaLL PRINT(26# UNDEFINED MAIN PARAMETER,,26,0,=1,%)
“g1 STQP
P2 GO TO (1,2,3,4,5,6,7,6,9,10,11,12,13,14),M
nAe CALL READ(1,N,1,5)
CALL REAQ(S,F1(1},2,8)
CALL TRF(M,F1(1),Fe(1),MK)
GO Tn 2en
Q3 CALL READ(S,FL1(17,1,8)
CALL ESTCA(1),F1(1),R,MK)
Gn 10 2nn
Mod CALL READ(S,F1(1),1,8)
CALL MAM(A(1),FL1(1),,MK)
GO TQ ead
PR5 CALL READ(1,N,1,8)
CALL REAN(1,19%,1,8)
CALL READ(S,F1(1),1,8)
CALL MAGCA(1Y,N,F1(1),Mr)
6N TO 299
PYe CaLL KEAD(S,F1(1),2,8)
CaLl DIMCA(LIY,FLI(1),FR2(1),MKR)
GO TC e@nm
207 CALL READ(S,F1(1),2,8)
CALL DIS(AC1),F1(1),F2(1),MK)
60 TO 200
P8 CALL REAN(Y,
CaLl READ(H,
CALL RWC(N, B
GO TO 20m
239 CALL READ(1,N,1,8)
CaLL REaN(S,F1(1),2,8)
CALL AGG(N,F1(1),F2(1),mK)
G 70 2an
21@ CallL KEAD(S,F1(1),1,8)
CaLL OUTCA(1),F11),MK)
50 TO een
211 CALL REAN(S,F1(1),1
CALL MYM(A(1),F1 (1)
GO TC 202
212 CALL READ(S,F1(1),1,8)
CalLL wREAN(1,16,3,8)
CaLL REAO(1113'1'SJ

Ny1,8§)
Fie1y,1,8)
(1),F1(1),MK)

yS)
) 2y MK)
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CALL READ(S5,T(1),13,8)
CALL SEL(F1(1),MK)
GO TO 2022
@13 CALL READ(1,NF,1,$S)
CaLL READ(S,FN(1,1),NF,8)
CALL FFACA(Y),MK)
GD TO 270
@14 CALL READ(1,N,1,9)
CALL READ(1,NF,1,S)
CALL READ(S,FN(1,1),NF,8)
CALL FDACA(CL),N,MK)
GO T0 2020
END
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"AGG" < AGGREGATION QOF DATa,

(g Nel

SIURROUTINE AGG(NA,FI,F0,Mk)
DIMENSION FI(1),FO(1)

PARAMETERS!
NA = NUMBER OF AGGREGATED SEASONS,
FI = FILENAME OF ORIGINAL DNATA,
FO « FILENAME 0OF AGGREGATED DATA,
MK = TRACE INDICATOR,

REMARK !
ORDERING 0OF DATA RECORNS:

YEAR,! PERIOD.! SITE,!
SITE,?

SITE,3

[N N ]

PERIOD.2 SITE,1

SITE, e

se s 00 es s 800y 0000 gt

REQUIRENS
FILEOP PRINT SETPAR

OO0 000000

COMMON/FARAMZ2/IDF,IDS,NS,NT ,NY,IF,IT,MM,FN(5,%)
COMMON/WORKL /R (62)
COMMON/WNRKZ/Q (32)
DIMENSION 1A(8)
FOUIVALENCE (JA(1),IDF)
CALL FILEQOP(1,FI(1),1,1)
CALL SETPAR(1,1,1a(1),2,1)
IFCINT/NA)wNANE NT) CALL PRINT(UHAGS ,Q,2e9,NA,=NT)
2@ MSTENT#iS
NTeNT/NA
NSTENTRMS
FAei ,@/FLOAT(NA)
CALL FILEQP(=1,FOC(i),1,2)
IF(I08,6T,0) INS=s«INS
CALL SETPAR(2,2,IAC1),INF,1)
PO 302 Isi,Nv
CALL FILEOP(2,R(1),M8T,1)
DO 422 Jsi,NS
Nz J
DO 420 K=J,NST,NS
§20,0
D0 60¢ L=i,NA
SaS+R(N)
600 NaN+NS§
420 Q(K)aSwFA
IF (MK ,NE,?) CALL PRINTI(D,=1,u(1),NS,NT)
320 CALL FILEOP(3,Q(1),N8T,2)
CALL FILEOP(4,FIC1Y,1,1)
CALL FILEQP(4,FO0(1),1,2)
RETURN
EnD
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"RAGLY « RAYESIAN GENERATION,

[ I g

SURROUTINE BAG(A,NI,FN,MK)
DIMENSTON A(1),FN(1)

PARAMETFRS:
A = VECTOR OF GeNERATINN PARAMETERS:
MEBN(NSwHT)
SNDEV (NSaNT)
BN amATRIX (NSaNGRNT)
"a"wMATRIX (NOSANSE®NT)
HYXT"aMATRIX (NS, ®NS1wNT)
NI =« NMUMSRER (OF INITIAL RanOOM MUMRER GENFRATOR CYCLES,
FN & NMUTPUT=FILE=NAME,
MK » TReCE INNICATOR,

REQUIRED:
COPY FILEODP MINV MMifLT PRINT RANDNY
SETPAR SETPTR VECOP 7EROS

OO0 OO0 00

COMMON/Z/PARAML/TA(RA)Y ,FA(2S)
COMMON/PARAM2/TB(R),FB(29)
COMMON/PAROMB/NS, NT , NY NST NSS1,NST1,NSS,NST,NSS2,NSST1,NSST,LER
COMMON/ZaNEXL/R(67)
COMMON/WNRK/X(36)
COMMON/Z/WDFK3/Z(6)
COMMON/WORKY /Y (0)
COMMON/ZWORKS /T (H)
IF(TIA[Y) WE,5) CALL PRINT (4mBAG ,2,2,14(1),=5)
CALL SETPTR(IA(3),IA(4),I1B8(9)Y,14(3)+1)
NEROBNSIwNSY
LRB22*NST+]
IF(NILEL®) GO TO 200Q
N 2192 l=1,N1

217 GaRANONV (1 4D,7,@)

2RA CALL ZFROS(Z(2),N%)
Z(1)31,72
Sz] ,A/FLOAT(LA(S)=NS)
CaLl COPvy(lacC1),18(1),33)
IB(S)=ENY
I8(2)1s4
Calll FILEOP(L,FN(1,1,14)
CALL SETQARU.&,I 13, 2,1)
PO ¥ag I=y,NY
Ld=zlRY
LA B+NBST
LXBLA+NSST]
Ou 319 J=),NST,NS
Ka
nn 32 I1Tsy , NS
pe2(1D
NQ %22 JJ=1,NSt
KeKe+l
X(KYsa(Lx)+Uw2 (JJ)

520 LxsLxe}
CALL MINV(X(1),MS81,4,Y(1),T(1))
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IF(ARS(Q) LT, 1E=8) CALL PRINT(12H BAGS: MIWV 2,12,0,~1,7)
Nsy,2
& ¥
No 332 11s31,NS{
Psp,?
PO 342 JJa=y, NSy
KBK+i
340 PaP+2(JJIYwX (K)
332 NeQePx2(I1)
IF(.,LE.2,2) CALL PRINT(12H RAGH SQRT ?2,12,4,=1,2)
Qx83RT (S/Q)
NY 352 Key,N§
32 Y(K)3RANDNV(G,Q,0)
FALL MMULTCACLAY,201),T(1),n5,N81,1)
CALL MMULTCACLB),Y(1),2(2),M89NS, 1)
CALL VECOP(Z(2),T(1),2(21,M5,1)
CALL COPY(Z(2),R(I),NS)
LBsLB+NSS
312 LAsLA+NSSY
CALL VECNP(A,A(NST#{),R(1),nS5T,4)
1F (MK NE,@) CALL PRINT(2,=1yR(1),NS,NT)
9@ CALL FILEQP(3,R(1),NST,1)
CALL FILEOPC4,FN(1),1,1)
RETURN
END
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MY 7 Q9112 1974 dindn,F FALGE

g HEBAMY o FRTIMATION ufF BAYFESIAN MONEL PaRAmLTEKS,

[e]

SURRAUTTYH BAMIA,F, MDY, Mr)
DIMENSTION A(1]),F (1)

c

r. PARAMETEWS

c 4 « VECTODR OF PARAMETERS!

» ME Al (MawliT)

C Stey (NSeNT)

C PANaMATRIX (MNSANSRNT)

c AN eMATR X (NOS*MSLANT)

c PxXxTUmMATRIX (WO wMS{aNT)

C F = INFuTeFILFaivaMt,

C M e 1N0E,

o MKk o THACE JT*NDICATOR,

c

c REQUIKEN?

C CrPy capyyx FILEOP  wmInvV MMULT FRINT
C SETPAR  SETPTR  STAND ThMG VECQOP {rRLS
c

COMMON/FaEaAMY/TAIH), T(5,9)
COMMDU/FAAME /08, MT ) NY NS n§3 1, NETL,M85,H8T,NSS82,NS8T L, NSST, NL
COMMON/aNie K1 /R (6S) ‘
COMMON/wDRK2/G({3R)
COMMON/&RKZ/X(T2]
COMMON /L ORKG/TT (K)
COMMOM/ZuNIKS/JIH)
DTMFNSTION ON(A2)
DaTa DOC1Y /) 0/
CaiL STannD(a(1),F{1),1a(1),1)
CaLy FPILEAP(L,FLL) 1, 1)
CALL SETPaR(1,1,1A01),2,1)
CALL SETPTR(IA(3),1a(d),TA(5),1A(3)+1)
NSSeanG1 NS
NLERNTH (W83 +N88] +Np32)
LHRZARNIT + 1
LLAASL RAR+NSST
LXX®LAA+NESTY
CaLl ZERDS(A(LAH),NL)
CALL COPYx(DO(1),X(1),B,N51,1,8T)
[BNST+] =5
Jel+NST
CALL VEUNP(A(CIY,A(I),RO1Y,ND,3)
Ny 200 Ia1,NY
CalLL FILFEDOP(2,R(INSI1),NST, 1)
CALL VECNP(A(1),A(NST+1),R(NS1),NST,X)
CALL COPYX(R(NS1),X(2),NS,NDI,NS,NT)
CALL CORR(X(II,XCE), ALLXX),NSY,NST,NT, D)
CALL COFR{R(1),R{1),8CLBR),NS;NS,NT, )
CALL CORR(R(1),X(1),a(LAaA),NS,N8L,NT, D)
R2oM CALL CNPY(RINST+{),x(1),NS)
CALL FILEQP(4,F(1)s1,1)
IF (MK ,EQR,D) GO TO 21@
CALL PRINT (20m MATRIX: Y#TRANSP(Y),22,A(LAB) ,NSS,NT)
CALL PRIMT (20K MATRIX: XxTRANSFP(Y),20,A(LAA),N8SI,NT)
CALL PRIMT (27" MATRIX! XxTRAMNSP(X),20,A(LXX),N§82,nNT)
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1@ MTaNT
IF(MD,EG, @, 0RNT,EW, 1) GO TU 3ep
DO 220 1m2,NT
LBBLRA+(JT=1) aNSS
LABLAA+(TI=])#«NSS]
LxsLxx+(I=1)nan8852
CALL VECOPCa(LB),Aa(LRB),A(LBR),NSS,1)
CALL VECOP(A(LA),A(LAAY,A(LAA),NSSI,1)
220 CALL VECOP(CA(CLX),a(LXxX), ACLXX),NS8S2,!1)
ND(EeYal ,A/FLOAT(NT)
CALL VECQOP(DD(2),a(LBRY,A(LBB),NSS,S)
CALL VECOP(DD(2),A(LAA) ,A(LLRA),NSSY,S)
CALL VvECQF(DOC(2),A(LXX),A(LXX),NSS2,5)
MT={
Iaa DO 312 I=1,MT
LBeLBB+(I=1)aNSS
LAB AA+(T=1)nNSSY
LXSLXX+(I=1)aNSS32
CALL COPY(A(LX),Q(1),~n882)
CALL MINV(GL1),NS1,0,010(1),4001))
IF(ABS(N) LT,1E=8) CALL PRINT(g12H BAM: MINYV 7,)2,2,=1,Q)
CalLL COPY(A(LA),X(1),NSSY)
CALL MMULT(x(1),nm(1),A(LA),=N5,NST,NST)
CALL MMULTC(ACLAY, Xx(1),3(1),N8)NSY,NSY)
CALL VvECOP(A(LB),"(1),8(1),M89,2)
310 CALL TRNG(N(1),A(LE),NS)
IF(MDEC,B.ORNTEQ 1) N TO 3520
DO 332 132,NT
LBzl BBe(I=1)aNSS
LA AA+(T=1)wn381
LXsLxx+(I=1)anS882
CALL COPY(A(LBB),A(LR),NSS)
CaLL COPY(A(LAA),A(LA),NSS8)Y)
332 CALL COPY(ACLAX),A(LX),NS8SD)
320 IF(MK,EGQ,R) GD TO 349
CALL PRINT (124 MATRIXS A ,12,)A(LAA),NSSI,NT)
CALL PRINT(12M MATRIX: B ,12,A(LRE),NSS,NT)
342 1A(1)s5S
RETURN
ENU
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"OIM" = ESTIMATION OF DNISAGGREGATION PARAMETERS,

O

SUBROUTINE NIm(A,F1,F2,MK)
DIMENSION A(C1),F1(1),F2(1)

PARAMETERS!
A = VECTOR OF DISAGGREGATIUN PARAMETERS?
MEAN(NSDaNT)
SDEV(NSDwNT)
YX(NSORMSwNT), DINSDRNSwNT)
YY(NSNOWNSDeNT)Y, E(NSDWNSDNT)
XY (NS®NSRNT)
Fi = NAME 0OF HWISTORICAL, INPeLIKE FILE,
Fe = NAME 0OF wmISTORICAL, UUTeLIKE FILE,
MK = TRACE INOICATOR,

REQUIREDS
Cmag COPY CURR FILEOP PRINT SETPAR SLETPTR
STAND VECOP LERUS

OO0

COMMON/PARAML/IA(S),FNA(2S)
COMMON/PARAMZ/IB(R),FNBR (29

COMMON/PARAMI /NS ,NT  NY, nP, 8idn, NTD,NSS,NST, NS8D,NSTN,NSST,NSSND
COMMON/ «ORKL /R2(6AN)

CoMMpN/WwNRK2/RY (38)

CNMMON/wORK3 /S8 (10D)

NPIMENSION FF (1)

FQUIVALENLE (FF(1),FY)

CalLlL STANDCA(L),F2(1),1a(1),7)

CALL STAND(S(1),F1(1),In(1),d)

CAalLL FILEOQP(1,F1(1),1,1)

CalLl. FILEOP(1,Fe(1),1,2)

CaLl SETPAPC?,loIA(l)'V’uij

CALL SETPAR({,1,IR(1),2,3)

CALL SETPTR(IAC(3),IB(4Y,TA¢S),TAC(C4)/1IB(4))
IF(NORNT NE JA(CUY) CALL PRINTI(4WDAR ,2,0,%7)1A(4),=NT)
LYXBNSTU«NSTD+1

LYYSLYX+NSSDuaNT

LXX2LYYSNSSODWMT

LRR= XX+¢NSST

Los {1 +NA+NDaND) wNSST

CALCULATE XX, YX, YY MATRICLS!

o000

CALL ZFROSCACLYX),LD)

00 720 Iai,NY

Cal.lL FILEOP(2,RL1(1),NST,1)

CaLL FILEQP(2,R2(1),N8TD,2)

CALL VECOP(S(1),8(NST+1),R{(1),NST,3)

CALL VECNP(A(C1),A(NSTD+1),RE(1),NSTD,3)

CalLL CORR(RI(I),RLCLIY,A(CLXX),NS,NS,NT,Q)

CALL CORR(RIC(1),R2(1),A(LYX),NS,NSN,NT, Q)
200 CALL CORR(R2(1),R2(1),A(LYY),NSD,NSD,NT,R)

CALL FILEQP(4,F1(1),1,1)

CALL FILEOP(4,FR2(1),1,2)

Fysl ,@/FLOAT(NY)
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capu

CORQ(FF (1) ACLYX) JACLYX),LO,1,1,1)

CALCULATE D, £ 1ATRICES:

NN 322 T=y,NT
IF (MK, EQ,?) GO TO 342

CALL
CalL
caLL
CALL
CalL
CALL
CaLl

PRINT(4H Ti1,2,2,I, M)

PRINT(12H4 MATRIXE XX ,12,4(LXX),N8,NS)
PRINT(16H MATRIXE: (Ya)T1 ,16,8(LYX),=NS,NS0)
PRINT(12H MATRIXS YY ,12,A(LYY),NSD,NSD)
CoPy (ACLYX),S(1),NS880)

COPY (A(LXX),A(LKR),NSS)
CMAB(ACLRR),A(LYY),ALLYX),S(1),NS,NSI)

1F (MK ,EQ, M) GQ TO 329

CaLL
capL

PRINT (124 MATRIXZ(D)T,12,A(LYX),=N§,NSD)
PRINT (124 MATRIXS & ,12,4(LLYY),NSD,NSD)

LYyysLYY#NSSDO
LYXSLYX*NSSD
LXXELXX+NSS
I1a(idsy
14(3)anD)
RETURN

END
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"DIS" = NDISAGGREGATION OF SYNTHETIC 0ATA,

oo

SIBROUTINE DTS (A,FI,FU,MK)
DIMENSION &4(1),FI(1),FO(1)

PARAAETERSY

A = VECTOR OF DISAGGRERATIUN PARAMETERS:
MEAN(NSaNTwND)
QOFV NS aNTRMND)
JINSURNSaNT)
E(NSDeNSDRNT)

F1 « INPUT«FILE=NAME,

FOO = QUTPUT=FILE=NAME,

MK = TRACE [NDICATOR,

REQUIRFDS
FGEN FILEOP PRINT SETPAR SETPTR STAND VECOP

sEsNesRaleNeNeNoRa R Ne e Ne Ny

COMMOA/PARAML/TA(R),FNTL(29)
COMMON/PARAMZ2 /TR (8] ,FN2 (25)
COMMON/PARAMIB/NG ,NT Y , N, NOD,NTP , NS, NST, WSS, NSTI,NSST,NSSDY
COMMON/40RK1L /R (D)

CUMMDN/ZaRKR2/D(30)

COMMON/WDRKA/S (3D)

IFCTIATY)  NE,4) CLALL PRIMT(umMDIS ,8,2,3,1A(1),=4)

CALL STANC(SC(1),FI(1),Ia(l).0)

CALL, FILEJP(1,F1(1):1,1)

CalL SeTPAR(1,1,Id(1),v,8)

CALL SFTYPTR(TIACSY,IB(4),IR(¢%Y,1A(8))

CatL FILEDR(=1,F0(1),1,2)

I EEDELAD]

Ja(el=3

CALL SETPARK(P,2,I3(1),7,1)

NABNSTO+NSTOD¢]

C DISAGGREGATE

N0 2@@ T=i,NY

NAAZNA

NRRENASVESTwiD

N3

CalLL FILEQP(2,Q(1),N8T,1)

CALL VECLOP(S(1),S(NST+1),001),N8T, %)

PO 217 sy ,N8T,NS

CALL FGFN(A(NAAY,A(NBBY,Q(]),~INY,NS,NST)

NEN®NSD

NAABNABAGNSSD
2l ApnaNRR+NSSOD

CALL VECOP(A(1),A(NSTN+1),R(1J,NSTN,4)

TF (MK ,NE,0) CALL PRINT(D,«1,R(1),NMS,NTD)
enn CALL FILFOP(3,R(1),N8TD,2)

CALL FILFOP(4,FI(1),1,1)

CALL FILFQP(4,FO(1),1,2)

RETURN

EnD
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"EST" o FSTIMATION OF STATISTICS,

O

SURROUTIME EST(A,F M, MK)
DIMENSTON 4(1),F (1)

PARAMETERS!

A = VFCTOR OF STATISTICAL FARAMETERS:
MEAN(NSaNT)
SNEV (NS*NT)
SKEW(NIANT)
KURT(NSwNTY
COARRe| 4{:=0 (NSaANSNT)
FORRel AGe] (NSRNSwNT)

F = FILENAME OF INPUT DaTa,

M - MONF,

MK « TRACE INDICATOR,

REQUIRED S
FCORR FILEQOP MNSD SeTHFAK SETPTR STaND
VECNP JEROS

sNaNeoEsRuEelsRo e uRalesNale Ne e Ne!

COMMON/PARAML/ZIA(B),FNA(2ZSY
COMMON/PARAMI /NS  MT ,NY , NK,NSK ,NTK ,NSS,NST,NESK,NSTK, M1, M2
COMMON/WwNRK1/R(67)
NIMENSICN FF (1)
EQUIVALENCE (FF(1),FY)
CALL STANDCA(1),F(1),1A(1),1)
CALL ECURRCACL) jA(4wNST+1),F (1), TACL),1,M)
CaLL FILEQP(L,F(1),1,1)
CALL SETPAR(Y,$,14(1),2,1)
CaLL SETPTR(TA(3),la(d),Ta(5),2)
MisnST+]
MPaMNSTK+ 1
FYs] ,n/FLNAT (NY)
CALL ZERNS(a(MP2),NSTK)
N 122 Taty,NY
CALL FILEQP(2,R(1)sNST,.1)
CALL VvECNP(a(1),8(M1),R(1),NST,3)
122 CALL "“NSD(R(1),A(M2) ,NST,=1)
CALL 'ILth(achilllpll
CALL vECOP(FF(1),a(M2),a(2),N8TK,R)
1F (MK EQ,Q) GO TN 820
CALL PRINT(BR MEANE ,B8,A(1),N8,NT)
CALL PRINT(BH SDEVI ,8,A8(MLYNS,NT)
CALIL PRINT(8HM SKFEWZ ,8,8(M2),N8,NT)
CALL PRINT(8W KURT: ,B,A(3%#NST+{),N§,NT)
M{2daNST+])
M2zM1+NSSUNT
CALL PRINY(12H CORRalLAGeP3,12,A(M1),NSS,NT)
CALL PRINTY(12H CORR=LAGe1:,12,A(M2),NSS,NT)
820 TA(1)=P
Tatp)sy
RETURN
ENU
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WENHA" e Fpfiw DDRATION ANOLYSTS,

a e

SURBN JTINE FDACA, IN,MK])
NIMeHSIonN 2015,%,10)
CBARAMFTERS?

b e« uNRXING ARES,

Tt e [LFVEL~CODE,

Men = TRafE TNDICATOR,

REMITRED S
FILENP SsETPaw  3TAND1  ZEROS

I I T O

COMMON/PAREML/ZTZOL) MM NS, NT, NY NST,L,K,FA(S,5)
DOMALN /WARRKL /T I8R)
COMMUL /RNRKR/EVIS) , TTLR) ,LL(S),MT(10)
COMMON/WAHKT/NF,F(5,10)
DNIMENSTION F(16,5%),2(6)
FaULvalLENGE (TC1Y,R(1,1))
DATS 7201),7(2)+208),2C4),205)+2(6)/0,2,0¢5,1.2,145,2,7,3,0/
!'\ATL\ §1’§8,53'5u|x1'x2/‘“'{+ paH- ,aHl 'aH ,QH* ,4HH
TasTavs (THY
Xx &S
TFO[A_NE THY) X¥382
MRITF R, 179Y2(74), XX
T1=1
DO 2Ay 1z ,NF
CaLl STANDLLEVILY,F(1,1),12(01),11)
CoapL FILRORCL,FLL,TY,1,1)
Call, SFTP&@(1,1,12(1),0,1D
MT (T)Y=air
METE Sl T
Cap b z&ﬁDfﬂ(ﬂ(‘:lpllais*NS)
ragl ZFRAACTT(1),NS8)
ne Pt Jsi, N8
210 L (J)y=w
A0 FAR Jey,NY
CalLl FTLFOaP(2,T(1),NST,1)
Tyr 322 MsY, NS
Yysz (&) xEY (M)
Ny 3M o Ne, NwST, NS
IFLINY 361 ,3RP, 343
Tme STOP
3a1 TF(T(N),GF,YY) 40 TO 372
380 LLIMMY= (MY +1
GO T 32P
368 TF(TINY,GE, YY) 6D TO 380
372 TF (LMY F3,?) GO TN 320
TT(MYRTY () #1 &
TFOLLEMY LE,.15) a(L,M,T)ImAcL ,M,I)e¢),0
LL(t)e®
IA0 CONTINUE
DG $9m Maj NS
TF(LL (M) ME,P) TT(M)=TT (M)l @
TFELL (MY JNE, B AN LL (M) GLE, 18) A(L,M,I)mA(L,M,1)¢1,2
39 CONTINUE
CALL FILEUP(4,F(1,1),1,1)
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”‘WTTF(blA‘I)n‘ (F(J,I‘,J=1"3)
1900 FORMATCI//77H FILEY ,544)
WhTITE (A, 192)(J,J021,19)
1A@ FIORMAT (/7294 SITES: TOT LENGTHS, 1S(14,1H2))
Nt 29m J=1,NS
29¢ NH‘ITE(‘).{G‘H](FA(K.J),K'I,E):TT(J), [A(K.p_J'I)pK’1115’
191 FOPMAT (1Y, 24d,16,10%,1518)
NG 204 Mel NS
Naa,?
NE 226 Js1,18
TRATT (M) 8 A.2) Qa+a(],™,1)/TT(M)
APRA AT, M, Ty 22, a2xFLOAT(TIFIX (H9,0%Q+0,5))
229 Tl=d
WrITF (&,109)Z2(TA), XX
19 FORMAT (11 /7/7H LEVFLS,F5,1,4¢)
W TTE (R, 197)
192 FORMAT(//38H CuUNYL ATF FREQJUENCY VS SERIES LENGTHIE)
WRITE (B, 11A)YCLFACT, ),]I81,5),J=81,NS)
110 FORIMATI/TH STITESS:,S(8A4,3X))
WRTITE(A,111)
111 FLRMAT (1Y)
SEX
no sS4 [13t,b6
f.1=81
Cr=s?
DO Sy T=1,1w
0O S22 = ,H8
DO S3A 132,18
5393 |(L,I1Y1=C2
PN S4S | 21,16,9
R385 R(L,JY=C1
N2 AP *FI UAT (S eN)
IFfIT.F, Y G0 TO S0
DU 949 L=1,15
D0 SU4A K=y NF
TF(ACL,J,K) NE,Q)Y GO TO S4¢n
TE(R(L+]1,J),EG.x2) GO TO S4¢
Sexy
TFetex)y EN, ) S3X2
R(L+1,J)=s8
S44 CONTINHE
S2D CONTINGE
WRTITE (6,1872) (3, (Q(K;L)o"l,lb)'Lglth)
153 FORMAT (1x,5(F7,2,1641))
IL(ITI,FA,») GO TN SAR
18373
Ce=84
S8 NN+
347 =2
i) $99% [=4,4
tL ()=
532 1. &8 +8
ARTTE(6,1edY ({0 LILY,Ls1,4),121,N8)
160 FUONMAT(1Y,5(3x,419))
RET RN
g
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"EFAY" & [ Ow FREQUEMCY aANALYSIS,

SUBROUTINE FFa(a,MKk)
NDIMENSINY A(SG,5,1W)

PARAMETERS!
A = WORKING AREA,
MK = TRACE INPICATOR,

REPUTRELS
FILEOP SETPAr STANDY Z2ERUS

COMMON/PARAML/IACL)Y MY, NS, NT, NY,IC(3),FA(5,5)
COMMON/ZvwnRKL/Tr12Y)
COMMON/WORK2/R(5,14)
COMMON/WORK3/NF,F (5,12)
COMMON/WNRKA /MM (13)
COMMON/wWORKS /RYT (12)

DATA CHY,CHP,CH3,CH4/4H= 1 4H» UM ) 4] /
DATA CH,CHS/4HH ) da /

DATA X ,E,LL/S,@,1&.%,52/

Jet

DO 202 Iai , NF

CaLL STANCLI(B(L,IY,F(1,1),74(01),d)
MM (T)sMT

CALLL FILENP(L1,F(1,1),1,1)

CaLL SETPAR(1,1,1a(1),2,])
NSTesNSunT

RYT(IYSFLOCAT(NY®NT)

CALL ZERQS(AC(L,3,1) LLwnNS)

N0 P20t Kkay, KV

CALYL FILFOP(2,T(1),N81,1)

DU 227 Lei,M8

RaB(L,I)

oQ 220 N'L,NSTpNS

Ne{+IFTuX(EwT (M)/G)

IFINSLELLLY A(N,L,1)BRIN,L,I1)*1,2
CONTINUE

CALL FILEOP(QpF(I'I)Illlj

Jed

D0 320 Na) ,NS

WRTITE(e,1111)

FORMAT(LHIZ/)

WRITE(6,10@) (FACI,N),1e1,5),C(F(I,J),1ay,2),Jd81,NF)
FORMATY (/6H SITES,12%,%A4//091 FILE(S)3,9X,10(2A4,1X))
WRITE(6|11Q)(B(NJI]QI'loNFj

FORMAT (/13H MEAN VALUESS,10F9,.2)
WRITE(6,11S)(RYT(I),Ia1,NF)

FORMAT (13H TOT, COUNTSSE,11719)
WRITE(H,12R)

FORMAT(/21H REDUCED<FLOW COUMNTS1/)
DO 415 x=1,LL

QuFLOAT(K)/E
WRITE(&,i@S]Q'(A(K,&,J15J=IINF)
FORMAT (8X,F5,1,1019)

DO 41Q J=) NF




-60~

JUN 18 15151 1976 BIFFA,F PAGE 2

Qe @
PO a2 1s1,LL
PeQ+A(T,%N, JY/RYT (J]

419 A(I,N,J)ag
WPUE(&.\BZ)(FA(I,““LIII.S).([F(I,JJ.IIl,EMJ'i.NF)
WRITE(®,131)(#(n, 1), 138 ,0MF)
‘l“TTE(6p13a] ’

130 FOR“AY (t1HY//76m STTES,12X,%5A4//79% FILE(S)e,9%,1u(2a4,41X))

131 FORMAT (13~ MEAN VALVESL,17FY9, &)

132 FORYAT(/740r REDUCED FLOWS vo LUMIJLATED FREWUENCIESS/)
LELL
DO 42¢ Ta1,8
8iaCH]

LY-2 oY)
QN ugm Js1,12
DO 4207 wkey,101

420 T(xK)es1
DO 432 ket ,1m{,10

430 T(k)age
DU 44n ke NP
SsCws
IF (MM (K) ,ER,G) SuCH
METFIX (122, 0kA(L,N,R)I*Q , 5) s
IF (T (M) NELCH) T(M)8S

44dp CONTINYE
Yap, I xFLOAT (L)
WRITE(6,15@) %, (T(K),xka1,10Q1)
SieCH3
S2={Hy

4 el =~|
N0 459 Kk=1,121

459 T(x)mCH]

DG 4en ‘31'1@1'10

467 T(XK)3CHe
xa@,d
WRYTE (6, 152)X, (T(X),Kei,101)

DO 472 I=1,14

472 T(1)sQ 1 #FLOAT(Im1)
WRTTE(6,160)(T(I),I21,11)

le@ FORMAT(4x,11F12,1)

194 COMNTINUE
RET RN
EME
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"MAGH = MARKOVIAN GENERATION,

SURRQUTINE MAG(A,nI,FN,MK)
DIMENSION A(1),FN(L)

PARAMETERS
A = VECTOR UF GENERATIOM PARAMETERSS
MEAN(NSHKT)
SNEV (MSwNT)
B(NSeNSwANT)
ACNSaNSuNTY
NI « WUMBER 0OF INITIAL RAWDUM NUMBER GFM*RATOR (VY L
Fo « FILENAME MF BENEWATED DATA,
MK e TRACE INDICATOR,

T
wn
-

REQUIRF LS
CCPY FILEOP FGEN PRINT RANDNV
SETPAR SETYPTR VECOP 7ERJS

COMMUN/WIRKL /R (&)

COMMON/WNRK2/XP(5)

COMMON/PARAML/Ta(8),FhA(S,Ss)
COMMUN/PARAMZ/IB(R),FNB(S,8)
COMMON/PARAMEI/NS ,NT  NY MO, LA,LB,NSS,NS8T, NS850, NSTN, NSST,NST
IFCIA(1) NELS) CaLl PRINT(UHGEN ,@,4,7,14(1),=3)
CalLl. SETPTR(IA(3Y,1A(4),IB(2),°)

NST1eNST«1

IF(RTI LE, @) 4 TO 260

bu %y sy, ,NI

XSQANDNV(‘IQV?,EQE)

CALL ZERDB(UFP (1) ,nNH)

GENERATE SYNTHETIC RECNHNS:

TFINYEQ,2) GO TO 4¢0

CALL FILEQP(=1,FN(1),1,1)

CaLl Cury(la(C1),Ins(1),33%)

IB(S)aNny

CalLlL SETPAR(1,2,IR(1),0,1)

Do 31y Isy,NY

LBsNSTN+1

N0 3200 Jey NST, NS

LARLB+NSST

CALL FGEN(A(LAY,A(LBY ) XP(1),R(J)I,NS,NS)
CALL COPY(R({J),XP(1),NS)

LAEL BeNSS

CALL VECOP(A(!),A(NST1),R(1),NST,4)

IF (MK NE Q) CALL PRINT(Q2,=1,R{13,NS,NT)

' CALL FILFOP(3,R(1),N8T,1)

CaLl FILEOP(4,FN(1),1,1)
RETURN
END
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C MMAMY W ESTTHMATIONM UF GENERATINN PARAMETERS,

SUMRDLTINE MAMLA,F, M, MK)
DIMENSION A(1),F (1)

PARAMETERS S
A = YECTOR DF PARAMETERS:
MEAN(NS®NT)
SOEV(NSnAT)
CORN=| AG=Qd (NS#NSaNT), B(NMSeNSHNT)
CORR=| AGew ] (NS#NSwNTY, A(NSwNIxNT)
F = INPUTeFILF=NAME,
M e MODE,
Mh = TRACE IMDICATON,

RENLIREDS
CMan CuPYy ECOwNR PRINT SFETPTR STaND

COOO OO OO0

COMMUN/wORKL /XX (29)

COMMEON/WORK2 /XN (25)

COMMON/WIRKZ/YX (PS)

CoMmnt/ParamMy /TA(R) ,Fa(es)

CONMON/RARAMI /NG NT  NY ,ND, LA, LR, NSS,NST,LXX,NSTO,NSST, LYY
CAaLL STAND(A(L),F(L),lA(1),1)

CALL FCORR(A(]),A(2aNST+1),F (1), TA(1),1,M)

CALL SETPTR(IAC(Z),T1A(d),1a("%),R)

LBaNSTN+]

Las| B+NRST :
IF (MR GNE ) CALL PRINT(12m 1ATRIX: RO ,12,A(LB),NSS,NT)
TF (MK NE ) CalL PRINYI (129 MATRIX? RY ,12,A(LAY ,NSS,NT)

INITTALLY XN CONTAINS [ A3T=SEASON COFRelLAG= MATRIX:

oD

PUQ Laxa n+ (NT=1)*NSS
CALL CNPYLA(LYX),XN({1),NSS)

Flk BaCH SEASONE X I8 TRANSFEREN TO xX,
ACTIUAL CNRKelABe® T XN, ACTUAL CORKeLAGel TO YX,
ACTUAL CORKkeLAG=¢ ]85 REPLACEN EY H=mATRIY,
ACTIJAL CORRe 4=y IS REFLACED RY A=MATRIX?S

DoOoOOOooO M

LXX2l Aw]
00 32 LyysLB,lL.xX,NSS
LYXSLYY+NSST
CaLl COPY(xN(1),xx(1),NS8)
CALL COPY(ACLYY),xN(1),N88)
ColL COPYLACLYX),YX(1},NM88)
A0 CALL CMaBCYX(1),ACLYY),A(LYAY YX(1) NS, NS)
TF (MK, EN &) GO TO 829
CALL PRINT(12H MATRIX: A& ,12,A(CLA),NSS,NT)
CALL PRINT(1Ph MATRIXE: R ,12,A(LR),NSS,NT)
80 1A(1)1=3
Ia(2)=)
TA(R) =1
RE TuRN
END
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9 Wiy MY W ESTIMATION UF AVERALE GENERATION PARAMETERS,

SUBREAUTINE MYM{A,F ;% MK)
DIMeNS TN A(1) , F{11

L

C PARAMFTERS S

c a = VECLTOR [F PARAMETERSS

C MEAN(NSwNT)

C SOBV(NSWNT)

(" CORR AG=@ (NS&«NSeNTY, RB(NSWNSanT)
c CORR=| AGw) (NSHNSWNTY), A(NSRNSHNT)
C F = INPUTaFILE«NAME,

e M= MIODE,

o Mrk = YRACE INCICATOX,

c

c REGUIREDS

c CMAR corPyY tCORR PRINT SETPTR STAND
C VELNP

C

COMMON/PARAMI/TA(R),FA(2S)
COMMON/PARAM /NS, it NY, LA, L9, LE,NSS,NST, LK, NSTD,NSST, LL
COMMON/WRRK Y /AA(R2S)
LOMMON/WQORK2/BB{25)
GIMENSTION FF(1)
EQUIVALENCE(FF(1),FT
CALL sTanD(Ca(1),F(t),1A(1),1)
CALL FCORRCACL) ACE*NST+4),F (1), TA(1Y,1,™M)
CALL SETPTR(TAL3)Y,lA(4),1a¢DM),2)
LBENSTD+
LAS| B+NSST
LCaNSTOHNSST
IFINT=1) 9Q2,190,1@22
LoD FTe1,0/FLOAT(NT)
LFELA+NSS
00 110 LL=LF,LC,NSS
Lks{{ +NSST
CALL VECNP(A(LB),A(LL),A(LR),NSE, 1)
11¢ CaLL VECOP(ACLA) ,A(LK),A(LA),NSS,1)
CALIL VECOP(FF(1),A(LR),a(LR),NSS,9)
CaLL VECOP(FF(1),a(LAa),Aa(LA),NSS,S)
190 CALL COPY(A(LB),BE(1),NES)
1F (MK ,NE @) CALL PRINT(12H MATRIX: RAA,12,A(LB),NS,NS)
IF (MK NE,@) CALL PRINT(12R MATRIX: R1A,12,A(LA),NS,NS)
200 CALL CMAB(A(LB),RR{1),AAC1Y,)A(CLA),NS,NS)
TFIMK EQ,D) GO TO 299
CALL PRINT(12H MATRIXI™APA ,12,AA(1),NS;N3)
CALIL. PRINT(12M MATRIXI"AM"A, 12,BR(1),NS,NS)
292 DO 303 Li =B, C,N5S
Lekmi | +NS8T
CALL COPY(AACLY),A (LK) ,NSS)
300 CALL COPY(BB(IY,A(LL),NSES)
Tacy1)al
IACe) =2
TA(C8)Y =Y
992 RETURN
END
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"AUTH o PRINT GENERATED ANp HISTORICAL STATISTICS.

SURRAUTIE DT LA, FN, MK
BIMENSTON A01),FNCL)

PARAMFTEFRY?

4 =~ vECTOR OF STATISTICAL PARAMETERS!
mEAN(NSRNT)
SOEV {(nBehT)
SUEW(HNSeNT)
fLURT (RS &NT)
CNRRw( A= (NEXNEANT)
(NREm 8] (NSHNSANT)Y

Ftl o FYLENaME NF STATISTILAL PARAMETERS,

MR ow THOTICATDR,

KEQLUTRE 2
COPy FILENP SETFT  SETPAR

DIMENSTI N T(2),2(es4) ) FF(13,2),%(T,4),Y(%)

COMMAN /raRAMT /T, T2, NS, NT,NY,16,17,18,FN1(5,5)

CUMIDM/FARBMB/TRIBY,FN2(29)
COMMON/Z . CRK2/F1(13),F2(13)
CLMMON/TIRKL /R {AR)

COMMNN/Z.ORK3I/T(5)

COMMAONZ NRKA /Y (S)

FRUIVALENCE (FF(1,1),F1(1)),(FF(1,2),F2(1))
DATA 701,1Y,2(P,1)/74HWM E ,4mA N /

NeTa 2{1,2),2(2,2)/4R8 D ,4Hg V /

PaTa 2(195192(893)/4"‘8 K "‘HE W/

DaTa 201,4),2(P,4) 4NK 11 ,4hR T /

DATA X1, 13,X01,2)9X01,3),XC1,4)/74Hm I ,4KH
DATA X€2,1),X(2,2) 1 X(2,3),X(2+4)/4HS T ,4vE
CaTAa (%, 1), %x0%,2)Y,x(3,3),x(%,4)/74H0 R ,urE
DATE X(d,1),5C¢4,2)sX(4,3),Y(4,4)/4MHT C ,4mA
DATA XI15,1),%X(5,2)9X(%,3),%(5,4)/4HA | ,4HE

]
N

R
T
0

r4HY L
) 4HE N
) GHE R
s 4HA T
s UHE T

DATL X(h, 1), X(6,2),%X(6,3Y,X(6,4)/74H D A,4m D A,4H4 0
DaTe XO7,1),X(7,2)oX(7,3),¥(7,4)/74M T A,dl T A,4H T A,4M T A/

DATS Y(1),7(2),Y(3)/4H, & ,4MA G ,4HG , /

NATA T(1)/U4HZERDY/,T(2)/74H0ONE /,85/72H 8/ ,P/2H P/

TR(I{ ,ME ) CALL PRINT(4RDUT ,0,2,2,11,=2)
CalLL FTLEQP{1,FN(1),1,1)

Call. 8ETRPAR{1,1,IK(1),2,5)

MNSSRENSE~§

METaNSMT

Jale

DO ee? 181,22

KeTARS (1) +1

Caiw CEPY(X(lpK)rFF(lllJp7)

TE(Jel T,0) CALL COPY(YCL1),FF(3,1),3)
JsIBE(2)

WRTITE (A, 12Q)Y ((FF(J,1),Jmy,7),131,2)
FORMAT (1AL //28X,TAL,9%,TAY)

wRITEC(e , 122)In8Y,36,17,(I8C0Y,J58,7)

FORMAT (319X, 2(9%, SHNY®, T4,10X,1H(,14,1H=,Td,1H)))

e TTE(&,1P28) (I'(FNl(JII)lel,SI,IileSJ

y4H0 T/
L 4HS A /
P 4HG G/
yUHR E /
s 4HG 4/
A,4H D A/
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OO0

oNe Ny

1ES FOS AT ((Se¥, 1H8, X1,2H3 ,544))
CALL SETEY(FI(1)  IbH (o uX,SX, wiTX,A2,11),14X,5(7%,42,171)),36,1,N8)
Cali SETFY
0 (F21), 40M0nuX, 82,12, 1%, %F18,2,9%,42,12,1%,5F 17, 2), 41, 2,NS)
N

PEINT MEAN, SDEV, SKEW, KURTH

N30 Kei, 4
CalLl FIIEQF(2,Kc13,%8T,1)
MH}TE(b'1E1)?(1r“7r2(2,ﬁ)
101 FORMAT [//7%6x,20d,1H37)
WE Y VELA,FE) (S, M, 21 ,N8),Lel,2)
Js1
DN 2A7 TEq,NT
NS R Y o
JJzJ4tBmd
WRTTE (R, FAYP, T, (4(N), BN, NN) P, T, (R(M) Mo, )
Js J+N§
2P0 NENSNE
300 CONTIMUE

FSINT CURRLAG=2,11

Coo«B0 T=1,2
CoL) SETFT
1 (FR() ‘.;alHCﬂ*x,AE;Il;?K.tFlVi.Q,**X;AE.IlgaxpSFiweu],41’3,,\'5)
R ITECH, 1127 (1)
110 FORMAT (/ hex, dHl 86 ,Ad, 204 CNORKRELATION MATRIX:/)
N @y J#).NT
PRITE (6, 111
111 FORDAT (58, 2HF=,12)
:"‘QTTE(’”})F"‘]f(s,k,KHI,NSJ'L—.I'aJ
CALL FTLFUP{2,R(1),N88,1)
B di1h key, NG
KKK
TF (T,0E,1) KKavg
Caly SETFTIF2(1),0,%,4,KK)
CALL SETFI(FR(1),2,8,9,h8=KK+1)
Mg K
Mf‘.,’gr.*,h.,l
DO 433 Lal,kH
OfL)safnt)
AUp v(L) == (M)
Mah NS
430 NherN+NS
412 wRITE(&5,F213,<, (3(L),Le1,kK),8,K, (VIL),L8l,KK)
422 NsNENSH
CalLL FULEORPLA,FN(L),2,1)
RETURMN
END
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C "RW(" = IEAN/WRLTE STATISTICS & PARAMETERS,

(@]

SURBZAYTINF RuC(MD, A, FO,MNK)
NIMFNSTNN 8(1),FEN(1)

PARAVMETFERYL S

M) e REAUIRED NPERATIUNG
Mhel READING FROM FILE
MD=2 WRITING INTD FTLE

4 « VELTOR OF STATISTICAL PARAMETERSS
MEANINS®NT)
SOEV(NSwNT)
SKE L (NSuNT)
KINT(NS&eNT)
CORRe| LGB (NSANSHNT)
CORP=) Afsm (NIaNSHNTY

FO = FTLENLMF,

Mr = TRACE INGLICATOR,

CDMMGN/PAQAM1/11'I?DISII“'IsllblIVDIF‘TCES)
COMMON/PARAMI /NG, NT,NY,ND,NY,N2,N5S,NST,N3,NSTD,NSST,N
DIMENSTON TACS)
EQUIVALENCE (Ta(1),11)
IQMH
IF(I,NE 1) I2=)
CALL FILEQP(Ianfijpigl)
CALL SETRARCI MD,IA(1),11,1)
TF(I1,LT,2.0%,11,67,4) CALL PRINT(UHRWE ,0,0,0,11,=234)
CALL SETRTR(I3,14/18,15,18)
0 1) (2092,202,724,204),11
200 STOw
2072 Nisd
Nz2anT
N3zn3S
GO T3 210
204 Nyw?
Ngs ¢
N3z~ ASTaND
210 LaN3To
K&
NE
20 211 Isi,2
nn 21e Jsi, My
CALL FILEOP(MD#),a(K),L,1)
KK+
212 L8l *N
NEN|
ng!\_xa
211 Lsn3
CALL FILEOP(4,FU(1),1,1)
RETL &N
END
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MSEL W e« SELECTION OF DATA RECURDS FROM dASIC FILES,

SUBRQUTINE SEL (FN,MK)
DIMENSTION Fa(])

PARAME TERS
FN = GyYTPUT FILENAME,
Mk = TRACE INDICAToRo

REMARK
ORODERING CF DATA AFTER SELELTION FROM BASIC FILESS
YEAR,1=PERIQD,1=SITE,
“SITE,.2
“ectoeons
«FERIOD,2=81TE,
-8ITE, 2

REQUIREDS |
COPYX  FILEOP PRINT  SETPAR

COMMON/FARAMR/INF, IDS /NS, NTH)NY,IF,IT,M,T(5,5)
COMMONZWORKI /G (AP

COMMON/WDRKE/R(3R)

DIMENSION IR(8),LK(4)

EQUIVALENCE (TR(1),IDF)

DATA LK [(1),L5(2),LR(3),LK(4)s1,4,12,36/
NT=[ % (™)

NYS]TeIF 4]

NSTesNSaNT

QPEN FTLESE

DO 202 Jag, NS

IF (MK NE 2 CaALL PRINT(T(1,1Y,20,2,7,2)
Cal.L FILEQP(L,T(1,1),5,12+1)

CaLlL FTILEOP(=1,FN(1),1,1)

InSsQ@

READ DATA RECORNDS, KEQRDER, AND WRITE INTO QUTPUT FILES

PO eai lalF,IT

FYel

DO 202 Jsi, N8

CALL FILEQP(2,R(1)s2,10+0)
KisIFIX(R(2))

CALL FILEOP(2,R(3) /LK(K1),1@+J)
IF(ROIN=FY)R223,700,900
IF(K1-M)223,750,7290

CALL COPYX(R(3),8(J),1,NS, 1 ,)NT)
GO TO 2mp

KNel K (K1) /L

IF (KNl JNE LK(K1)) GO TO 203

b0 232 x1sJ,NST,NS

S$=7,0
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DO 247 k2=1,KN
KeK+l
AU Sz8+R(K)
232 Q(X1)3S/FLOAT(KN)
202 CONTINUE
IF (MK NE,0) CALL PRINT(R,=4,0(1),N8,NT)
281 CALL FILEOP(3,R(1),N5T,1)

CLOSE FILES:

aoOn

CaLL FILEDP(4,FN(1),1,1)
DO z@4 I=y,NS

A4 CALL FILEQP(4,TC(1,1),5,10+1)
RETURN

EXCEPTIUNSS

onDn

0@ VRITE(6,112)T(1,J)97(2,Jd),R(1),R(2)

112 FORMAT (//32H INCORRECT DATA IN BASIC FILEf.2484,3%,14,1I%)
STF 2apne
END
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OO0 00000

Ipe

S5e20
519

5209
530

620
610

620

632
42
e
220

VTRF" = TRANMSFORMATIONS 0OF uaTa,

SUBROUTINE TRF (MT,FI1,F0,MX)
NIMENSION FI(1),FI(1)

PARAMETERS S

MT = TYPE (F TRaANSFUORMATIONS
MTeQ NfI TRANSFORMATTON
MTel LOG TRANSFORMAYIOWM
MT=2 SART TRANSFORMATION
MTe3 CBRT TRANSFORMATIUN
MTew] EXP TRANSFORMATIUN
5T=w2 SR TRANSFORMATIUN
MTa=3 CUH TRANSFORMATIUN

F1 « FILENAME DOF QRIGINAL DATA,

FQ = FILEMAME 0OF TRANSFORMEL DATa,

MK « TRACE IMDICATOR,

REQUTIREDS
FILENP PBRINT SETPAR

COMMON/PARAM2/IOF 108/ NS, NT)NY,IF,IT, M4, FN(25)
COMMON/WARK YL /R (00)

DIMENSTON IR(HB)

EQUIVALENCE (IR(1),IDF)

CALL FILEQPC(1,FIC1),1,1)

Call SETPAR(1,1,IR(1),2,1)

MI!-MT

FJSTSNS*NT

Fal,L FILEQP(=1,F0(1),1,2)

LalL SETPAR(2,2,IR3(1),IDF,1)

NG 202 1st,nNy

Call FILEQP(2,R(1),NST,1)
D) 420 Kay  NST

XaR(K)

IF(®T) S5002,T20,6m"

GO TO(%10,522,832),M1
XsExP (X)

G0 T0 4eQ

XZXxX

GO TO 42

XEXRYX Y

GO TO 400

GO TO(612,620,630),MT7
XsALOGX)

0 10 409

XeSGRT (X))

RO TO 4@

XsEXP (ALOG (Y)Y /3, M

R{K)=X

IF (MK NE ,@) CALL PRINT(QH TRF,4,R(1),M8,NT)
CaLlL FILEQOP(3,R(1),NST,2)
Capl FILEQP(4,FIC1),1,1)
CALL FILEOP(4,FO(1),1,7)
RETURN

END
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"CHECK" = COMPARISON OF DESCRIPTINAN RECORDS,

o0

SUBROUTINE CHECK(IA,X,L)
NIMENSION IA(1)

PARAMETERSE
1A= DESCRIPTIOUN RECORD AREA,
L = STARTING INDEX,
K « FINAL INDEX,

OO0

COMMQON/PARAML /IR (8)
IF(K,GT,L) GO YO j0@
HC 22 IsK,L
IF(IA(TI) NELIB(L1)) GO TU 9pu
280 CONTINUE
RETURN
9@ wRITE(H,12Q)
120 FORMAT (/ /22" DESCRIPTION KRECORNSS)
WRITE(H,110)(T,T7A01),1B8(1),11,8)
112 FORMAT(1X,13,2H: ,218)
STOP
END
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UCMARY = COMPUTATION OF "an aAND "p" MATRICES,

(o X @i

SURROUTINE CHAB (XX, YY, XY, Yx N, M)
DIMENSTON XX 1) ,YY (1), XY (1), ¥YX(1)

PARAMETERS?
XX = MATRIX NwxN,
Yy MATRIX MxM,
XY MATRIX NgzM,
Y ¥ TRANSP(XY), MATRIX M¥N,
N SIZE DF xx MATRIX,
M STIZE OF vy MATRIX,

REMARKS S
MATRTIX YY¥ IS REPLACED BY COMPUTEN MATRIX 9,
MATRIX XY IS REPLACED BY COMPUTED MATRIX a,
MATRTX XX IS REPLACED BY COMPUTED MATRIX (.,
INSTEAD DF XY, TRANSP(YX) IS USED,

MINV = IBM/362 33P SURROLTINE,

REQUIREDS
MINV MMUL T PRINT TRN VECOP

OCOO00O0O0O0OOO0OO0O00OCO0

COMMON/LDORK4A/TIW(S)
COMMON/ZWODRRS /ZJW (S)

INVERT XX=MATRIXI

o000

CALL MINV[XX(]L)pNnD'I*“(l)le(ij)

CHECK DETERMINANTS

o000

IF (ABS (D), GE,1E=10) G0 TO 200
CALL PRINT(3bH "CMAB" = INCURRECT MATRIX INVERSION,36,7,=1,0)
STOP

COMPUTE A=MATKEIX, ASYXwINYV(XX) 3

o0

200 CALL MMULTEYXCL),XXC1), XY (1), M, N,N)

COMPUTE CwMATRIX, C3YY=AuxXY

OO0

CALL MMULTIXY (1), YX (1), XX (1), M,N,=M)
CALL VECOPCYY (L), XX(1),XX(1),MumM,2)

COMPUTF B=MATRIX FROM BwTHRANSP(R)eC:

OO0

CALL TRNR(XX(1),YY(1),M]
RETURN
END
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NCOPY" w» COPYING VECTORS,

SUBROLTINE COPYC(A,B,M)
DIMENSION A(1),B(1)

PARAMETERS?

A = SQIRCE VELCTOR,
R « RESULTING VECTDR,

N = SIZF OF "aA"

1F(N) (o, 222,307
MB=iN

DO 182 Tai,M
B(l)s=A(I)

RETURN

00 35Q lag,M
R(IY=A(])

RETURN

END

ANR PR yECTORS,
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oD

DOOYTOOOTOOOO0

2en

"COPYX" = COPYING SLBVECTORS,

SURROUTINE COPYX(A,B,K,L,~,N)
CIMENSION Aa(1),H(1)

PARAMETERS S
A = SQURCE VECTODR,

R

Z X X

Iay

JJasl wN

RESULTING VECTOR,
SURVECTOR LENGTH IM a,
SI'AVECTOR LENGTR IN 8,

LENGTH NOF COPIED SuBvECTINR,

NUMBER OF SUBVECTORS IN

Lo eee J=1,J4J,L
CALL COPY(A(I),A(J),M)
Is]+X

RETURN

END

A ARD A,
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"CORR" = CALCULATIUN OF CORRELATION FOEFFICIENTS,

SUBRDUTINE CORR(X,Y,R,NL,np,N3,M)
DIMENSION X(1),Y(1),R (1)

PARAMETERS?S
Y = VECTOR OF X DATA(Ni«nN3),
Y = VECTOR QOF Y DATA(NZwNEY),
kR = VECTOR OF CAORReCOFFF[N1xN2«NT),
N1 = $SY12€ OF SURVECTOR IN X,
Ne ST7ZE AF SUAVECTNR IN VY,
N3 e UABEK QOF SUBVECTURS I X AML Y,
M = MODE,

NEMARK §
CORR=COEFF ARE STORED In THe FOLLOWING DRUKRY
y(i)*Y(iJl *(lti(a]l Xfl)*Y(3), s nQ

TF (M) 2¢em,30r,4D0
STNP

Iheeh]

Jha=wN2

LIS 3%

00 X352 Ksi{,N3
TREIKeM?

JanaJKeNp

nri 35p I=st,N1
IlelK+]

xxeXx (I1)

Dre 39 J=i M2
JIeJK+J

KikakK+]
RIKK)SRIXKY+XXRY (J])
RETURN
KAEN I AAN2aNS

xxexX (1)

nn 452 (=1 ,KK
YYsxxeR (1)
IF(YY,,GT,1.0) YY=®1,0
R(I)syy

ReTHRN

END
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00

OTO0ODO0O0ONDOON00DD000

"ECIORR" =« ESTIMATION UF CORKELATION CUFFFICIENTS,

SURFOUITINE ECORR(A,B,F,N,k,M)
QIMENSION A(1),8(1) ,Fl1),N(Y)Y

PARAMETERS!
A = VECTOR OF S1ANDARDIZATION PARAMFTERS?
MEAN(NS*NT)
SOEVY (NSw»NT)
R = VECTOR OF CONRELATION CURFFICIENTS?S
CORRa AGm [NS*NSwNT)
CORR=| AGe] (NS*NSanT)

F = INPUT=FILE=NAHME,
N e DESCRIPTION RECURN aREA,
K =« CYCLIC SHIFT,
M = MQONE,
REQUIREDS
CorPy CORK FILEQCP SETPAR SETPTR VECOP
2ERQS

COMMON/PARAME /NS yNT ) NY  NK, NSK, MY, M2,NST ,M%, M4, NSST, L
COMMON/WQARK L /R(TD)
DIMENSTION FF (1]
EQUIVALENCE (FF(1),FY)
CALL FILEAP(1,F(1Y.1,1)
CALL SETRAR(1,1,N(1),9,1)
Call SETPTR(N(3),N(4),N(S),K)
MiaghSK«+t
M2ENST+]
M3 S8T+14
CalLL ZERNS(B(1),2nVNS8T)
IF(MY 1ém,122,130
130 Jamy
IsMmp
14 JsJ=ig
IF(J) 120,120,152
152 laMaxp(l,I=NS)
172 LsT+NST
CALL VECOP(A(Id,Aa(L),"(JY,NS,3)
GO TO 149
120 00 192 Ist,NY
CALL FILEOP(2,R(M1),NST,1)
CALL VECOP(A(1),A(M2),R(M1),NST,3)
CALL CORR(R(M1),R(11),B(1),HS,NS,AT, )
IF(M,EQ,M AND, I EQ,1) GC Tn 190
CALL CORR(R(L),R(M1),B(M3),NS,NS,NT, D)
192 CaLL COPY(R(M2)Y,R(1],NSK)
CALL FILEOP(4,F(11,1,1)
Fy=1,2/FLOAT(NY)
CALL CORR(FF(L),Rl1),B(1),NS,N§,)NT, 1)
IF(M,EQ,2) FY®a] a/FLDAT(NYal)
CALL CORRCFF (L) ,R(M3),B(M3),NI,N8,NT, 1)
RETURN
END
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3 A » X + B % RANDOM,

SURRQOUTINE FGEM(A,B,X,Y,N,M)
PIMENSTON A(1),RC1),X(NY, Y (M)

PARAMETERS
« MATRIX (M=xN),

A

T Z < = X

MATRIX (Mam),
VECTOR (N),
VECTOR (M),

SIZE OF ||x||, llAll'

SI?E UF "Y"; "8", ||A||.

REGUIWEDS
ANDNY

COMMON/WQORK3/R(23)

GENFRATE RANDOM NORMAL

DO 2Q2 Tayl,m
GCIYRRANDNV (L, ,2,P,2)

COMPLITE VECTOR VY3

0o 0@ Isi,Mm

Sz,
Jiz]

nee 4@

@

Jei, N

SES+X (J)«A(JA)
JazJa+M

JiRal

RO 8gR Jag,M
$2S+F(J) R (JR)
JRAzJA+M

Y(1)=S$
RETURN

END

(Ap1) VECTOQRZ
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"FILEQOP/POP" = FILE QPERATION AND EXCEPTICONS,

SURROUTINE FILEQP(M,A,L,N)
PIMENSICN A(L)

PARAMETERS S
M = MOPE OF NPERATION:
Msp SET EXCEPTIUNS,
Meq QOPEN FILE,
Mz2 READ RECOKD,
Me3y WRITE RECORD,
Msy CLOSE FILEY
4 = FILENAME (May) OR RECORD ARFA(Mz2,3)
L = LﬁlVGTH OF A
N e PRAGRAM (LOGICAL) FILE NUMRER/FILE=QPERATION TRACE MODES
Mz2 AND Ns@d NO TRACE
Nea] QPENsCLQ®E FILE TRACE
Nay OPENeCLOSE FILE, READ=wRITE RECOR[ TRACE

REMARK $
FILE GPERAYIONS AND FILF EXCEPTIONS FOLLOW FOPeUNIX FORTRAN
POSSIHLITIES,

IERROR o PDP FORTRAN FUNCTIUN,
SETFIL = PODP FORTRAN SuBrROUTINE,

IF(MY 201,202,277

SET EXCEPTIONSS

che MKaN

o000

o000

MK e FILE«QPERATION=TRACF INDICATOR,

IF(IERRGR(102) NEL4) GO TO 902
TF (JERROR (123) ,NE,@) GO TO 923
IF (IERRNR(124) NEL,@) LD TO 9n4
RETURM

FILE OPERATIONSS

201 MzaM
200 GO Y0(210,222,237,240) ,M

o000

OPEN FILE:S

2102 CaLL SETFIL(N,a)

IF (MK, EG,0) RETURN
WRITE(H,1S1IN,ACL1) A ()

151 FORMAT ("NPEN FILES ",12,3Xx,2A4)

o NeNel

RETURN

READ RFCORDS

22 READ(N)(a(I),Isy,L)

IF (MK,LE.2) RETURN



_78_

APR 14 161729 1976 VYIFILEQOP,F PAGE 2

WRITE(6,152)N,L
152 FORMAT(" READ FILEL",12,1I5)
RETURN

WRITE RECORDS

aNg Ny

e3n WRITE(M)(A(I),Isy,L)
IF(MK,LE ,0) RETURN
WRITE(6,153)N,L

{53 FORMAT("WRITE FILES",12,I%)
RETURM

CLOSE FILE?S

aOoo0n

242 ENDFILE(N)
IF (MK ,EQ,2) RETURN
WRITE(6,154)N

154 FORMAT("CLOSE FILELI",12)
RETURN

EXCEPTIONS!

OO0

9n2 WRITE(e,122)
GO TO 992
9723 WRITE(6,103)
10138 FORMAT(/" CANNDT DPEN INPUT FILE”J
GO TO 992
924 WRITE(6,124)
{24 FORMAT (/" EQF ON INPUT FILE™)
990 WRITE(6,199)N
199 FOFMAT(IS)
STOP
END
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aNaNe] OO0 DODoOO0O0n 00

DO

180

114

2ui

2ee

300
33
530

333

420
484

"MATOP" = MATRIX OPERATIONS,

SUBRQUTINE MATOP(A,3,0,M,N,R)
NIMENSION a(1),B(1),C(1)

PARAMETERS?
A = FIQST ARGUMENT MATRIX,
B = SECUND ARGUMENT MaTRIX,

C = RESULTING MaTRIX,
M = NUMBER OF RDWwS,
N = NUMBER COF COLUMNS,
K = OPERATION,

MNBMRY

L=@

GO TO(1720,200,300,424),K
ADDITIOM: CosA+TRANSP(B)

DO 111 Jsy,N

DO 111 IsJ,MN,N
LelL+l
C(L)BA(LI+B(I)
RETURN

SUBTRALTIONS Csa=TRANSP(R)

0O 2eeo Jay,N

CO 222 IsJ,MN,N
L=L+}
CiLl=a(L)=R(I)
RETURN

ADOITIONS CaweAa(1)wIDENT

DO 33 Ial,MN
C(I)sB(I)

AAaA (1)

JaMe]

0N 333 Ta)l,MN,J
C(I)=sC(I)+AA
RETURN

SUBTRACTIONS CaB=Aa(l)»IDENT

DO 404 Ts],MN
C(I)s=R(1)

GO TO 330

END
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MMMULY" ~ MATRIX MULTIPLICATIUN: C3A«d,CaaxTRANSP(B),CBTRANSP (A4) wt

00

SUBROUTINE MMULT(8,8,0,N,M,L)
PIMENSION A(1),B(1),C(1)

PARAMETERS
A = ARGUMENT MATRIX,
B = ARGUMENT MATRIX,
£ = RESULTING MATRIX,
N = SIZE OF & MATRIX (N,M),
M = S12E OF 4,8 MATRICES,
L = S12E OF B MATRIX (M,[),

REMARK?]
1F Nl INSTEAD UF A«MATRIX TRANSP(A) 1S 'SFU,
IF L« INSTEAD OF ReMATRTIX TRANSP(R) I8 USED,

OoOOOOOCO0OO0O0O0O0O00

LLeTABSIIL)
IF (L) 910,922,922
Sap sTNP
91¢ Mke\j
MEsL
GO TQ 932
Qe MuxgM
Masz |
S3I7 NNFTASS(N)
IF(N) Q4,922,950
9dP NKkaM
Mae
G YO 99
952 NK=e}
NAsN
999 IC=¢
IKal
np 129 (R=1,LL
NLE B
DO 220 J=i , NN
ICelC+y
JAJK
1688]K
Rag,?
DO 3¢ Isi,M
ReReA (Ja)»B (TB)
JagJAsNA
200 lEalReMA
JkeJK+MK
200 C(IC)ar
190 IKsIK+MK
RETURNMN
END
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¢ WMNSDY = ESTIMATION OF “EAN,SUEV,SKEW,KURT COEFFICIENTS,

SUBRQUTINE MNSD(X, 4,0 ,M)
DIMENSION X(1),A(01)

PARAMETERS?
X = VECTOR OF 7NATa,
A = VECTOR NF COEFFICTIENTS,
L = S1ZE QF "y, "at VECTURS,

M MODE §
Me@ o SKEW & KUNT,
Mgl = MEAN & SHEV,

M@ - FINAL CalC,

OO0 OO0

IF (M) 222,300,420

22 DO esSa l=i,L
¥xsx(I)
YYysxXwidX
ACIYBACT)+XXNYY
JEl+L

250 A(J)SECJ)+YYRYY
RETURN

324 00 352 Isi,bL
Yax(I)
aC1)za ()Y
Jal=sl

350 A(JI®A(J) 4V aY
RETURN

490 vesx (1)
DU 4590 Is{,L
ZeY=A (1)
A(T)=2
Jalel

45M A(J)ESHURT (Y%A (J)=2%l)
RETURN
END
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c TPRINTY - GENERAL PwINT SURROUTINE,
c
SUBROUTINE PRINT(T,L,a,M,N)
DIMENSION T(1),4(1)
c
c PARAMETFERS S
¢ T = VECTOR CONTAINING HEADER TEXT,
o L = NUMBRER DOF CHARACTERS IN TeVECTOR,
c A = VECTOR TO BE PRINTED [N MATRIX FOkM,
C M =~ NIJMBER QOF ROWS,
c N o= NUMBER NF COLUMNS,
C
c REMARK !
C IT I8 ASSUMER THAT ONE STURAGE UNIT CONTAINS 4 CHARACTERS,
C

IF(L) 2r@,202,9212
90 K=(L+3)/4
WhITE(6,100)(TC(I),I21,K)
10@ FORMAT(/29A4)
200 IF(N) 31m,307,322
520 WRITE(6,11@)(I,Iat,N)
110 FORMAT(/(6X,14(C17,1418)))
IF(MLT.@) GO TO 422
MNEMWN
0 2%% I=ji,M
250 WRITE(6,iRQa)], (A(K),xa], My, M)
120 FORMAT(IX,13,2MH8 ,1dF8,2/(sX,14F8,2))
RETURR
312 Nz
WRITE(S,130)T(1),MN
13p FORMAT(///12r SUBROUTINE , a4, l@HVIQLATION:, It ,1H/,11)
3pe 8YOP
3o IF(M) 3@2,399,3¢14
301 WRITE(6,15Q)7(1),M
159 FORMAY (/44,12)
399 REYWURN
490 Mzuh
DO 459 J=1,M
VeslaN
[12]l2enNet
450 WRITE(6,120)1, (A(K),Kk=e1},12)
RETURM
END
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c "RANDNV/POPH « NORM NISTR,RANLIOM NUMBER GENERATOR,
o
FUNCTIGN RANDNY (SU,aM)
c
c PARAMETERS?S
c S3 = STANDARD DEVIATION,
c AM « MEAN VALUE,
c
c REMARK S
o RANDV « PGP FURTRAN FUNCTION,
C

A7 o2
DU 50 lsy,12

52 sA+RANDV (D)
RANDNyE (Amb ,2)aSN$AM
RETLIRN
END
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"READ"™ = READING PARAMETERS Fuw "MAIN",

o0

SURRDUTINE READCIT,A,LT,w)
DIMENSION A(1)

PARAMETERS S
IT = PARAMETER TYPE,
A = RESULTING VECTOK 0OF PaRAMETERS,
LI = MUMBER OF ELEMENTS,
W = REQUIRED LEADING STRINL,

e NeNeNs N Ne N

EQUIVALENCE (X,T)
LelTwllI
0O 22 Ts4,L,1IT
IF(IT,EQ,S) GO TO 300
IF(IT,EG,3) GU TO 42@
READ(S,122)8,K
140 FORMAT (A4, T4)
A(I)=T
250 TF(8.,EQ,.w) GO TO 24¢
WRITE(&,190)S,w
192 FORMAT(///12H PARAMETERS?,Ad,1H(,A4,1KH))
STOP
199 Ksl+d
PEAD(%H@)S,(A(J),JII,K]
11@ FORMAT (6AU)
GO TO 252
40Q READ(S,120)8,4(1),A(2),K
120 FORMAY (44,483,A1,11)
A(3)xT
Gn T0 2%
20 CONTINUE
RETURN
END
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NSETFT/PDP" = CREATION OF DYNAMIC FURMATS FOR "OUTY,

SUBRNUTINE SETFT(F,T,L,M,N}
DIMENSICN F(1),T(1)

PARAMETERSS
F =« VECTOR FOR CREATEN FQOKRMAT,
T « RASIC FORM OF CREATEN FURMAT,
L = NUMRER OF CHARACTERS IN "T",
M = TDENTIFIER OF CREATED FURMAT (M > Q).
N = VARIANT OF CREATED FORMAT (N=1,,,.,,5).

CREATED FORMATSG
MEls CwwX,S5X,w(7%,82,11),14x%,5¢7%x,42,11))
ME2: (wwX,A2,12,1X,%F12,2,9%,A2,12,1%,5F10C,2)
Mel: (**1,42,11,EX.*Flm.a,utX,Aa.Il,EX,SFlﬂ-“)

REMARK S
IT IS ASSUMED THAT (ONE STORAGE UMIT CONTAINES 4 CHARACTERS,
TF TH1S ASSUMPTION 1S NUOT TRUE SEGMENT SHUULD AE CHANGED,

REQUIREN:
coPy

GIMENSION A(S5),B(2),C(5),0(¢9)

DATA AC1Y,A(2),A03),A(4),a(5) /4N (41K, aH (31X ar (21X, 4H (11X, 4N 021X/
DATA B(1),B(R),RCE3))BL4),B (51741 (7YX, 4H2CTX, 4R (T, uHq (TX, dH5(TX/
NATA C(1),C(2) CC3),C(4),C(S)/4KxX, 1F 4Hx, 2F ,danX, 3F,dnK, 4F , 4nx, SF/
DATA Df1),0€2),0(3),DCd),0(S)/4H, 09X, 4H,19X,4H, 29X, dH,39%,4H,43X/
IF(L) 221,202,203

STCP

Je(L+3Y/4

CALL COPY(T(1),F(1),J)

IF (M) 291,252,253

STOP

G0 TO(3¢1,3%2,303,304,305),M™

F(3)eR(N)

GO TO %23

F(4)=C(N)

Fel)=sA(n)

RETURN

F(4)sC(N)

RETLRN

F(6)=D(N)

RETURN

END
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(g Ny

OOOO0OODOOOON OO0 nN

3en
330

340
3oe
3098
310

350
355

360

"SETPAR!" = READINEG & WRITING THE DESCRIPTION XFCORNDS,

SURROUTINE SETPAR(N,M,TA,L,K)
DIMENSION TA(1)

PARAMETERSS
N = FILE=NUMRER,
M = (OPFRATION (M3} READ, s wRITE)Y,
la= DESCRIPTION RECORD AREAy
L =« FILE=TYPE,
K = CHECK=CODE,

REGUIREDR:
CHECK FILECP

IF(r,EL,2) TA(1)sL

CALL FILFEOP(Mey,Ia(1),8,N)
TE(IACYI) NELL) CALL CRECK(IA(L1),1,2)
CaLl FILEQP(M+1,1A(9),IA(3)%5,N)
GN TO (310,322,3%3%7,3402,3%2,369),K
1l

G TO 329

T4

GO YO $2m

185

e 3InsS J=3,7

TFLJJNELTY CALL CrECK(IA(LY»J0J)
CONYINLIE

RETURN

T34

CALL CHECK(TIA(1),3,1)

RETURN

CaLty CHECK(IA4(1),3,3)

CALL CHECK(IA(1),A,]7]

RETURN

sSTNP

EnD
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In "SETPTRY « COMPUTATIDN OF THE "COMMON/PARAM3/Y PARAMETERS,
SUBRDUT;NE SETPTR(NI,N2,N3,N4)

COMMON/PARAMI/NS,NT,NY,ND,NSD,NTD,NSS,NST,NSSU,NSTN,NSST,NSSDN
NSeN]

NTeNg

Nyan?y

NDENA
NSOsNSRND
NTDENT&ND
NSSENS#NS
NSTaENSRNT
NSSOaNSSwND
NSTDEMNSTwND
NSSTaNSSuNT
NSSDDaNSNDANSD
RETURM

END
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PSYANDY « ESTIMATION OF STANDARDIZATION PLRAMETERS,

o0

SUBRQUTINE STAND(A,F,N,K)
DIMENSION Af1),F(1),N(1)

PARAMETERS:
A = VECTQOR OF RESULTING PARAMETERS,
F = INPUT=FILENAME,
N e DESCRIPTION RECORD ARER,
K = CYCLIC SHIFT,

RENUIREDE
COPY FILEOP “NSO SETPAR SETPTR LERDS

OO0 OO0 DOoOO

COMMON/PARAMB /NS, NT,NY ,NK,NSK,NTK ,NS8,N5T,NSSK, nSTK, M, M2

COMMON/WORKL/R(T2)

DIMFNSION FF (1)

EQUIVALENCE (FF(1),FY)

CALL FILEOP(llF(I.’Ilcl)

CALL SETPAR(1,1,N(1),2,1)

CALL SETPTR(N(3),N(4),N(5),K)

Fyai ,0/FILLUATINY)

M{aMSK+q

M2ehST+1

CALL ZERDS(A(1),2«N5T)

DO 190G 1I=i,NY

CALIL FILEQP(2,R(M1),nNST, 1)

CALiL MNSD(R(M1),A(1),nNST,?)
102 CALL COPY({R(M2),R(1),NSK)

CALL FILEOP(4,F(1),1,1)

CaLlL MNSD(FFtl)IA(l]'NSTplﬁ

RETURN

END
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c "STANDI" = ESTIMATION OF 5 OBAL MEAN VALUES,

SURROUTINE STANDI(A,F,N,™M)
DIMENSION A(1),F{1),N(1)

PARAMETERS:!
A = VECTOR (QF MEAN VALUFS,
F = FILEaNAMF,
N = DESCRIRTIDNeRECUR( AREA,
M e« CHECK«CONE,

REQUIREDS
FILEOP SETPAR VECOP 7ERUS

OoOO0O0000DO0O0ON

COMMON/WORKL/NS,NY,N8T ,k(67)
CALL FILEOP(!,F(1)s1,1)
CALL SETPARC(1,1,N(8),2,M)
NSeN(X)
NYsN(5)
NSYeNSwiv(4)
CALL ZEROS(A(1),NS)
nO 10@ I=y,NY
CaLL FILEOP(2,R(1).,n8T,1)
N0 120 Juy ,NST,NS
122 CALL VECOP(R(J),a(1),a(1),N8,1)
R{1)31 , A/FLOAT(NYRN(4))
CALL VECQP(R(1VY,A(1),A(1),N8,9)
CALL FILEOP(4,F(1),1,1)
RETURN
END
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"TRNG" = SOLUTION OF THE EQUATICN B x TRANSP(H)

SUBROUTINE TRNG(C,B,N)
DIMENSION B(1),C0(1)

PARAMETERSE
C = SYMMETRIC MATRIX NwN UF DATA,
R = MATRIX NaN OF RESULTS,
N = 312E OF "Cv, "B" MATRICELS,

REMARKS
HCMOAND "B" MATRICES CANNOT OGVERLAP,
EIGEN = T18M/362 SSP SUBROUTINE,

NNeN®N
CHANGE MATRIX "C" FROM SRUAKE TO TRIANGULAR:

Lel

L0 20@ Iay,N
Tl=L

DO 288 JimL ,NN,N
CrIL)=B,5x(CIILY+COIL))
ILeli«+

LWL eNa

K2E

L 20

QD 252 Jal ,NN,N
JEl+1

ne 262 JiLsl,Jd
KaK$]

CeanyalC(JL)

Lel+i

COMPUTE EIGENVALUES AND EIGEMVECTORSS
CAlL EIGEN(CC(1),R(1),N,2)
CHECK EIGENVALUES AND COMPUTE "B" MATRIXS

Lep

Kz

a0 30y lsi,N

Lai+]

P=C (L)

IFCQ.LT.'@QDQ)IJ WpITECE'1QM)I'Q

FURMAT (/23W SUBROUTINE TRNGeEIGENS,I6,1M:,E10,3)

IF{a,LT,2,2) Qs ,2
QasSART(Q)

DO 322 Jsy,N

KEsK+{

R(k)sB (k)@

RETURN

END

C.
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(g N @]
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o000
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2ee
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"WECOP" = VECTOR QPERATIONS,

SUBROUTINE VECOP(A,B,C,N,M
DIMENSION A(1),B8(¢1),C(1)

PARAMETERS?
- FIRST ARGUMENT VECTOR,

- SECOND ARGUMENT VECTOX,
- RESULTING VECTOX,

- SIZE OF 4A,B,C VECTORS,

- OPFRATION,

TZO D>

GO TO (102,22Q,3722,402,500),
VECTOR ADDITION?

D0 111 I=y,N
C(L)sA(I)+a(I)
RETURN

VECTOR SUBTRACTIONS

N 222 l=i,N
C(I)sA(IVY=B(I1)
RE TURN

STANDARDIZATIONGS

DO 333 1={,N
CCIIs(C(I)=ACI))/BC(I)
REYURN

OESTANDARDIZATIONS

NO 444 Taq,N
CCI)=u(IY#C(I)+A(D)
RETURN

SCALING?

AAsA (1)

DD SS55 I=si,N
C(I)eB(I)wAA
RETURN

END
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c "ZEROS" » MOVING ZEROS TO 4 veCTOR,

SUBROUTINE ZEROS(A,N)
DIMENSION A(N)

PARAMETERS
A = VECTOR=NAME,
N = LENGTH OF "a'¥,

OO0 0

DO 122 Isy N
120 A(l)s=02,0

RETURN

END
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